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Auricular fibrillation has been recorded as occurring in diphtheria during two distinct 
phases of the disease. During the acute phase, when the heart is gravely damaged, it may be 
cidental to progressive failure, and, much more rarely, it may be a later manifestation without 
eny other sign of myocardial damage. It is an example of this second type that we record here. 
{t may be some measure of the rarity of the association of auricular fibrillation with diphtheria 
that of three standard American text-books of cardiology, Fishberg (1940), Pardee (1941), 
and White (1937), only one (Fishberg) mentions it, and that only in a simple statement that 
in diphtheria the pulse may be irregular as the result of extrasystoles, auricular fibrillation, 
and other disturbances of rhythm. Burkhardt er a/. (1938) found no case of auricular fibril- 
lation in 140 adults with diphtheria, examined electrocardiographically every second or third 
day of their stay in hospital. We cannot accept the statement of Neubauer (1942) that 2 of 
his 100 cases of diphtheria with heart lesions showed transient auricular fibrillation, because, 
in the only examples he records (his Fig. 14), the rhythm of one is regular in lead III and the 
irregularity in lead II could be extrasystolic, and in the other (his Fig. 15), who had a 
severe heart lesion, it cannot be auricular fibrillation for the ventricular rhythm is in fact 
regular. Parkinson (1915) recorded the case of a youth, aged 22, who was admitted to 
an isolation hospital on November 8, 1913, suffering from pharyngeal diphtheria. On 
November 30, he developed heart block, followed, on December 11, by auricular fibrillation, 
without any other evidence of myocardial damage. He was discharged from hospital on 
January 17, 1914, still fibrillating. Seen finally in June, he was still without symptoms and 
could walk seven miles without dysproea, but he was still fibrillating; how much longer it 
lasted is unknown. It was learnt that he was accepted for Army service in India in 1914, that 
he remained on active service until 1919, when he came home on leave after having had 
malaria; he was then in the best of health but six weeks later he developed pneumonia and 
died. This is the only case record similar to ours that we have found, but, owing to war 
conditions, we have been unable to make an exhaustive search. The occurrence of fibril- 
lation as an isolated manifestation of myocardial damage in diphtheria is sufficiently rare to 
justify this case record. 


Case NOTES 

K.S.L., a dentist, aged 39, was serving in the R.A.F.V.R. 

His mother had died of a stroke following hypertension. His father, aged 70, had just 
recovered from an attack of hypertensive congestive failure. His brother had been confined 
to bed for two years, following what was stated to be a cardiac complication of measles. 

He gave no history of any illness other than complaints of childhood. He had never had 
rheumatism or chorea. He had always been fit and well; a keen cyclist, he had cycled as 
much as 140 miles in a day. 
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On October 6, 1942, he began to feel ill with a sore throat. He did not report sick until 
two days later, when a diagnosis of follicular tonsillitis was made and he was sent to bed. 
On October 12, he returned to duty, not feeling unduly ill but rather weak. In retrospect, he 
remembered seeing, on the first day of his illness, a greyish-white membrane on his throat. 
which disappeared after one day, leaving a red inflamed area. After a few days he felt muc} 
better and cycled 40 miles without undue fatigue. 

On October 19 he began to get regurgitation of food through his nose, but, otherwise, fe | 
well and continued at duty. He did not report sick until November 10, when the medic! 
officer realized what was the matter; he was admitted to Torquay Isolation Hospital on th: 
same day. On November 20 he noticed the sudden onset of tachycardia and irregularity of 
the pulse. It was considered that this was due to extrasystoles and, in view of the likelihoo 
of mycardial damage, he was ordered complete rest. About this time he also noticed tinglin: 
of his hands and feet. About December 10 the palatal paresis began to improve and he was 
allowed to get up gradually. He was discharged to sick leave on December 19. Whilst he 
was in hospital three throat swabs were taken, but all were negative for K.L.B.; no serum 
was given. 

Whilst on sick leave he led a quiet life, walking short distances only. He felt reasonabi) 
well but was easily tired by quite mild exertion. Palpitation was conspicuous, occurring both 
at rest and on exertion, but he was not breathless. He also noticed an unpleasant tingling 
in his feet when walking about. On resuming duty, on February 23, 1943, he was referred to 
one of us (C.R.T.L.). The apex beat was displaced about half an inch to the left, and he was 
fibrillating, but without pulse deficit. The heart sounds were normal and the blood pressure 
approximately 140/80. There was some hypoalgesia over the soles of the feet and some loss 
of deep pain sense in the legs. Fibrillation was confirmed (P.C.G.; Fig. 1 A). He was trans- 
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Fic. 1.—(A) Electrocardiogram taken 24/2/43, showing auricular fibrillation. Rate about 80, 
(B) Electrocardiogram taken 23/4/43, showing normal rhythm. Rate 68. 


ferred to an R.A.F. Hospital, where a radiogram showed no enlargement, but his 
blood pressure was recorded as approximately 140/100. Quinidine, 5 grains t.i.d., was started 
on March 5, and after he had had 15 grains the pulse became regular. On April 19 he returned 
to duty feeling perfectly well. On that day he was seen by A.M.G.C., who found that h 

nervous system was normal, except for some weakness and displacement of the uvula to the 
right and diminished vibration sense in both legs. He gave an excellent history and, on beinz 
complimented on this, said he had been interested in his illness even to the point of intro- 
spection; only now did he refrain from taking his pulse every hour. The second electro- 
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cardiogram (Fig. | B) showed no abnormality except small P waves. The heart rate was 68. 
The apex beat was in the fifth space, four and a half inches from the mid-sternal line, and was 
rather forcible. The blood pressure, sitting and recumbent, taken three times in each 
position, was consistently 145/95. The radial arteries did not seem thickened. The fundi 
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Fic. 2.—(A) Teleradiogram showing normal size of the heart. 
(B) Teleradiogram in right anterior (11) oblique position. 


were normal. Later, radiograms (Fig. 2) showed no enlargement of auricles or ventricles. 
The urine was examined and found to be normal, chemically and microscopically. 


COMMENTARY 

The association of peripheral neuritis with myocardial damage in diphtheria is well known. 
Burkhardt ef a/. (1938) found the incidence of peripheral nerve palsies very high in those cases 
of diphtheria that showed electrocardiographic changes. From another angle, Walshe (1941) 
stated that in polyneuritis there is always some myocardial damage. Our case conforms with 
these views and supports the suggestion that it is desirable to seek for cardiographic 
changes in all cases of diphtheria, irrespective of severity, that have peripheral nerve lesions. 

There is a possibility, emphasized by Geoffrey Bourne (1940) that some chronic local 
change in the heart, the commonest probably being vascular disease, may account for 
incomplete recovery after diphtheritic myocarditis. In our case there was a family history of 
arteriosclerosis and our patient himself showed some evidence of this, though only if his 
diastolic pressure is accepted as such. 

Another feature of interest is the long period that elapsed after the onset of diphtheria 
before auricular fibrillation was established. This was also found in Parkinson’s patient. In 
both cases fibrillation occurred during convalescence. 


SUMMARY 
In a man of 39 years old, we record auricular fibrillation, which arose during his con- 
valescence from diphtheria. It lasted for 112 days, when it was stopped by quinidine. 
Except for his palpitation, it was unaccompanied by any symptoms referable to the cardio- 
vascular system. It was associated with multiple peripheral neuritis, which preceded its onset 
by 32 days. There was a family history of arteriosclerosis and some slight evidence of this in 
the patient himself. 
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The ventricular rate in auriculo-ventricular dissociation is commonly less than 60, and in 
923 Hewlett was able to find only 14 recorded instances in which this rate was exceeded. 
viost of these patients were under the influence of digitalis and all but one of the remainder had 
organic heart disease; the exception was a woman whose dissociation developed after tonsil- 
lectomy (White, 1916). In Hewlett’s own case the P-R interval was considerably prolonged, 
and during attacks of dissociation the ventricles usually, although not invariably, beat more 
rapidly than the auricles; most reported examples which he quotes had auricular rates exceed- 
ing the ventricular. His observations led him to conclude that the occurrence of dissociation 
is favoured, on the one hand by the presence of partial A-V block or by the administration of 
digitalis, and on the other by factors tending either to decrease the auricular or to increase the 
ventricular rate. White’s patient, for example, having recovered from a spontaneous attack of 
dissociation, would still develop the abnormal rhythm if the carotid sinuses were stimulated, 
ithe auricles slowing until the A-V node escaped. Hewlett felt that the rapid ventricular rate 
in his own patient, together with the conspicuous effect on the rhythm of changing vagal tone, 
were evidence that the pacemaker lay in the A-V node. 

Cowan (1939) reviewed ten cases of dissociation and of these only two had sound hearts, 
both having a slow ventricular rhythm; all ten had ventricles beating either at the same rate 
or rather faster than the auricles. This point is emphasized by Katz (1941) for distinguishing 
between dissociation, which he regards as a functional condition, and heart block, which is 
frequently due to organic disturbance. ‘“* In dissociation the rate of the ventricles is equal to 
or faster than that of the auricles, while in A-V block, with rare exceptions, the reverse is true.” 

Barker and his colleagues (1943), in an interesting paper, discuss the occurrence of A-V 
block in paroxysmal auricular tachycardia. After reviewing 17 previously reported cases they 
describe 18 of their own and compare the condition with auricular flutter, pointing out, 
amongst other features, that carotid sinus pressure slows the ventricles without influencing the 
auricular rate, and usually fails to arrest the attack. The degree of block encountered ranged 
from partial block with occasional dropped beats, through 2 : 1 and higher grades of A-V 
block, to two examples of complete heart block. These last two patients had regular ventri- 
cular rates of 84 and 26 respectively; one, a woman aged 26, had organic heart disease, and the 
other was a man of 70, reported by Singer and Winterberg (1922). 

\ somewhat different abnormality of rhythm was described by Barker (1924), who reported 
a case of paroxysmal auricular tachycardia in which an attack was disturbed by a brief phase 
of ventricular tachycardia. The ventricular contractions were slightly irregular and no 
auricular complexes could be identified. The patient had had attacks of palpitations for 
36 years and her heart was otherwise sound. 

The report which follows concerns a patient subject to attacks of paroxysmal auricular 
ichycardia. She had no evidence of organic heart disease and had had no drugs. A spon- 
neous, short-lived attack in which auricles and ventricles beat quite independently, each at a 

rate well in excess of 100, was recorded during her first appearance at hospital. 
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Fic. 1.—Sinus rhythm. 


Fic. 2.—Onset and ending of a paroxysm of auricular tachycardia. 
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CASE REPORT AND ELECTROCARDIOGRAMS 


A woman of 29 attended hospital in November 1942, complaining of attacks of palpitation whic! 
she had had for 7 years. The paroxysms occurred two or three times a day, always started and ende. 
abruptly, lasted from ten minutes to two hours, and were precipitated especially by emotional upsets. 
She was a well-built, healthy woman with an apparently normal heart. There were no signs of hype: - 
thyroidism and the only focus of infection lay in some doubtful teeth which were removed lat 


without influencing her attacks. Blood count, sedimentation rate, and X-ra 
of chest were all normal. 

She was not unduly distressed during an attack of tachycardia; her pulse 
rate was 136, quite regular, and uninfluenced, clinically, by exercise or caroti:! 
sinus pressure. A triple venous pulse wave was visible at the root of the nec 
and the heart sounds were normal apart from their rapidity. 

Electrocardiograms taken during sinus rhythm (Fig. 1) are normal in 
every respect. The P-R interval has been measured on numerous occasions 
and varies between 0-14 and 0-16 sec. Many records have been taken in the 
course of her paroxysms of tachycardia and practically no variation has beeii 
seen, The attack invariably starts with a premature P wave lying early in the 
descending limb of the preceding T ; during the paroxysm P and T waves are 
superimposed and the sequence ends with a compensatory pause before the 
resumption of sinus rhythm (Fig. 2). The heart rate in these episodes is 
136 and the P-R interval (which in this and subsequent records is measured 
from the summit of P to the summit of R) is slightly longer than in sinus 
rhythm, i.e. 0-16—0-18 sec. 

Occasional isolated extrasystoles, which resemble the first beat of the 
tachycardia, have been observed and from the appearance of these complexes 
it would seem that the excitable focus must lie either in, or very close to, the 
S-A node. 

Fig. 3 shows the first cardiogram obtained from the patient. In the limb 
leads the auricles are beating regularly at a rate of 152 whilst the ventricules 
have assumed an independent rhythm which varies between 113 and 136. The 
P waves in leads I and III are rather larger than those in records of sinus 
rhythm, and this, combined with the fact that their rate is greater than that 
in paroxysms of auricular tachycardia, may mean that a kind of flutter has 
developed. The QRS complexes are of supraventricular type and do not 
differ materially from those seen in other tracings, but the T waves are incon- 
spicuous. The form and rate of the ventricular waves suggest that they arise 
in or near the A-V node. In CF, the rhythm is much the same as in the limb 
leads, but the auricular rate is a little slower and there may conceivably be 
conduction from auricles to ventricles, anyway after the first, seventh, and 
eleventh auricular contractions. CF , taken a few seconds later, opens with 
what seems to be the last beat of a paroxysm of auricular tachycardia; this is 
followed by two sinus beats, a short paroxysm of auricular tachycardia and 
finally by normal sinus rhythm. 

The patient would not come into hospital for investigation and the follow - 
ing observations were therefore carried out in the out-patient departmert. 


They were kindly made for me by Dr. D. R. Humphreys working in Professor K. D. Wilkinson's 
clinic at the Queen Elizabeth Hospital, Birmingham. 

Measurements reproduced in the various figures which follow are derived from naked eye examina- 
tion without the aid of a comparator. They are therefore not strictly accurate but may serve ' 
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Fic. 3.—Cardiogram showing complete dissociation between auricles (marked with dots) and ventricles, in 
leads I, I, IIT, and probably in CF4. CF, shows paroxysms of tachycardia and normal sinus beats. 


emphasize the points brought out by the records. Exercise had absolutely no effect on the rate or 
form of a paroxysm of auricular tachycardia. Pressure on the left carotid sinus or on both sinuses 
simultaneously led to the resumption of sinus rhythm for a single beat (Fig. 4). The auricular rate 
continues practically unchanged whilst the ventricles beat more slowly. The last visible P wave before 
the sinus contraction is smaller than its predecessors, but it falls in front of, instead of on, a T wave 
and it does not differ materially from the P of the sinus beat. The next P wave is lost; it is perhaps 
directly superimposed on the QRS as the voltage of that complex is a little greater than the average. 
The T wave in the ventricular beat resembles that of the preceding complex, being much less con- 
spicuous than its successor. The S-T interval is slightly depressed. 

Lewis (1925) has pointed out that stimulation of the left carotid sinus will often decrease the speed 
of conduction from auricle to ventricle. If it is assumed that the missing auricular wave in Fig. 4 is 
buried in the ventricular beat, this may be an example of the Wenckebach phenomenon. The length of 
successive P-R intervals, measuring 0-16 sec. in the early beats, increases to 0-18, 0-30 and 0:39 before 
a beat is dropped and sinus rhythm is restored. The successive increments are therefore 0-02, 0-12 

\ and 0:09, the first of which might perhaps be ignored. Further discussion of this subject follows later. 

Five minutes after the sinus compression experiment, two minims of adrenalin (1 : 1000) were 
injected intravenously, in an attempt to stimulate the sympathetic. The patient became pale, shaky 
and apprehensive, with rather a feeble pulse. At the same time some interesting changes developed in 
the electrocardiograms. Fig. 5 is a section of the tracing taken immediately after injection. It shows 
two runs of tachycardia separated by a sinus contraction. The auricles continue to contract regularly 
at the paroxysmal rate of 136, whilst the ventricular rate slows. The last visible P wave in both of the 
abnormal sequences is small, but this can be explained by the fact that they are not directly super- 
imposed on T waves (a small T is visible in the two beats before the sinus contraction). It is possible 
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Fic. 5.—Paroxysm of tachycardia immediately after administration of adrenalin. 


that a P wave falls on the final QRS of the first sequence, but if this is so the auricular contraction must 
be somewhat premature. The QRS waves in this tracing vary considerably in voltage but are ob- 
viously smaller than the average throughout. In other respects the record is not unlike an exaggerated 
version of that obtained by carotid sinus pressure. 

Half a minute afterwards (Fig. 6), the same effect is still present, with the auricles beating regularly 
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Fic. 6.—Approximately half a minute after adrenalin. 





at a rate of 136 and the ventricles lagging behind. The last P seen in the first sequence does not differ 
from those which go before it; presumably it is superimposed on a T wave. In the second sequence 
the final P is of lower voltage, but it lies just before a small T wave. It should be noted that the third 
P wave of this sequence differs in shape from the others because of a momentary sticking of the film 
in the camera. A recurrence of this mechanical defect mars several parts of the continuous record 
taken throughout this experiment and makes measurements impossible in some places. 

The section of film shown in Fig. 7 was taken about a minute after the exhibition of adrenalin and 
again demonstrates essentially the same features. By the end of the second minute (Fig. 8) the effect 
of the drug is beginning to wear off, but the same tendency is still recognizable, the auricles continuing 
at their old rate of 136 and the ventricles beating rather more slowly. The shape and size of P waves 
is to all intents and purposes constant and for a P wave to be superimposed on the QRS before the 
sinus beat, considerable prematurity would be necessary. 
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Fic. 7.—One minute after adrenalin. 
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b- j Three quarters of an hour after giving the adrenalin an attempt was made to lower vagal tone by 
od the injection of atropine (gr. 1/100) subcutaneously. Unfortunately the continuous film ran out at 
this point, but Fig. 9 (upper half) shows the state of affairs in lead I, 15 minutes later. The auricles 
ly 
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Fic. 9.—Twenty minutes after atropine. 


} 
are beating a little more slowly than in previous tracings but the ventricles are still slower than the 
d auricles. The general features are the same as those already described after the injection of adrena- 
ct lin, but in this film P and T waves are more readily distinguished. The QRS preceding the sinus 
12 contraction is not greater in voltage than the other waves of the curve and it seems unlikely that a P 
es Wave is incorporated in it. The sinus beat is followed by a premature P, lying in the descending limb 
he of T,and almost certainly marks the initiation of the paroxysm of auricular tachycardia which is shown 


' in the lower tracing, taken a few seconds later. The rate in this paroxysm is 141. 
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DISCUSSION 


Adrenalin, atropine, and probably carotid sinus pressure have all produced the same effect on 2 
paroxysm of tachycardia. Lewis (1925) states that adrenalin, besides stimulating the sympathet': 
nerve endings, also acts directly on the vagal nerve centres in the medulla. Cushny (1936) agrees th 
the vagal centres may be stimulated, although he argues that it is not a direct action but a refi 
stimulation following a rise of blood pressure. He points out too, as other writers have done, tl 
atropine given in small amounts may activate instead of depressing the tenth nerve. It is probab 
therefore, that the similar effects of all three experiments is due in each case to stimulation of the vagv: 

It has already been observed that vagal stimulation may diminish the speed of conduction fr 
auricles to ventricles. The Wenckebach phenomenon is characterized by three main features. The 
P-R interval progressively increases in length with each beat but the degree of lengthening decreases in 
successive complexes. Consequently the R—R intervals tend to become shorter and shorter until ; 
beat is dropped. During the sequence auricular complexes are followed by ventricular complex. 
until the ventricle defaults, leaving an isolated P wave before the next sinus beat. Campbell (1943 
has demonstrated, however, that the rule of P-R increments is not invariable and that occasionally tie 
increase of the third interval over the second is greater than that of the second over the first. 

Allowing both for Campbell’s findings and for the fact that measurements taken from the tracings 
are not strictly accurate, it remains difficult to reconcile the figures (summarized in the accompanying 
table) with a diagnosis of partial heart block. Moreover in some of the cardiograms the R—R intervals 
tend to increase instead of diminishing with each successive beat. 
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TABLE SHOWING P—R INTERVALS AND INCREMENTS MEASURED IN THOUSANDTHS OF A SECOND 











Figure . P-R interval Increment 
4 160 2180 308 392 220 128 84 
6a 180 208 248 308 28 40 60 
6b 160 180 220 280 328 360 20 40 60 48 32 
8 184 200 208 220 210 200 220 16 8 12 10 10 20 


240 260 308 20 20 48 





The argument that partial heart block is responsible for the abnormal rhythm shown in Fig. 4-9 
is in any case based on an assumption that seems quite unwarranted. It has been pointed out that in 
partial block the last wave before the sinus beat should be auricular. In none of the tracings is this 
final P wave visible and it has to be assumed therefore that it is superimposed on a QRS complex. 
This necessitates the further assumption that the quite regular auricular rhythm is broken, for in 
practically every instance the P wave would have to be slightly premature to fall directly on the QRS. 
Black triangles on the figures show the points at which the P waves would have fallen if the auricles 
had continued at their original rate. It is unbelievable that a premature P wave could fall with such 
exactness on a QRS on so many occasions. Consequently it is most improbable that this is an example 
of partial heart block with dropped beats, and if the condition is due to such a defect it is of most 
unusual type. 

The changing shape of the P waves may suggest that there is a shift of the pacemaker towards the 
A-V node, but the alteration in size is also explicable by,the relationship of the P and T waves, P bei 
smaller only when the two fail to coincide. This is made the more probable explanation because 
some of the tracings (Fig. 6 and 8) there is no change in the size of the P wave. The progressive 
lengthening of the P—R interval is a further argument against this diagnosis. 

A third, and more probable, interpretation of the abnormal rhythm produced by vagal exci‘..- 
tion is that there are short runs of complete A-V dissociation linked by isolated sinus beats. Ti.’ 
would be in keeping with the spontaneous attack of dissociation illustrated in Fig. 3, especially if \t 
is allowed that there are occasional sinus beats in CF,. The development of the independent auric:’- 
lar and ventricular rhythms must be based on factors quite different from those which caused ¢ 
sociation in White's (1916) case, or those mentioned by Hewlett (1923), for in the present instance te 
auricular rate continues unchanged and it is the ventricles that beat more slowly. It is likely that 
auricles are driven by an excitable focus lying in or near the S-A node, a focus which is usually 
sponsible for paroxysms of auricular tachycardia. In certain circumstances a barrier develops in | 
region of the A-V node, preventing the passage of impulses to the bundle. When this barrier 
present the ventricular rhythm is probably governed by a second pacemaker lying in the neighbourhou. 
of the A-V node. This pacemaker, having been sensitized to a high speed of activity by a paroxys:) 
of auricular tachycardia, continues to send out impulses at a rapid rate, and so there develops 4 
simultaneous auricular and nodal tachycardia. 
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Some light is thrown on the nature of the A-V nodal barrier by the effect of vagal stimulation 
curing attacks-of auricular tachycardia. The dissociation produced is then intermittent, with a sinus 
beat separating one period of block from the next. The sinus beat is always preceded by a dropped 
auricular beat. This suggests that the relatively long period of auricular inactivity allows sufficient 
recovery in the area around the A-V node for the next auricular impulse to follow its normal path to 
the ventricle. The passage of this solitary contraction wave again disarranges the mechanism and 
|--ves a barrier which persists until the auricles once more default. The defect probably results from 

ibnormally long refractory period in the area concerned and is presumably related to the mech- 

m responsible for the Wenckebach phenomenon. 

if the rhythm in all the records is in fact due to dissociation, it becomes difficult to decide at what 
n ‘nt, following carotid sinus pressure (Fig. 4), conduction gives way to the two independent rhythms. 
| \appens that this is the one electrocardiogram in which the Wenckebach phenomenon may be 
p. ent, for it is easy to believe that the missing P is superimposed on a QRS. If, however, dissocia- 
{ is present it probably develops at the fifth beat, where there is a sudden lagging of the ventricle. 
|. .ill be noted that, as observed by Barker and his colleagues (1943), carotid sinus pressure fails to 
a: vst the attack, but slows the ventricles. 

‘ardiograms not unlike the record in Fig. 3 were obtained from three of the patients described in 
Borser’s paper (Fig. 7A, 8B, and 11B). These are considered to be examples of partial heart block, 
but the mechanism of impaired conduction is not discussed. The irregular rhythm of the ventricles 
is presumably ascribed to prolonged conduction from auricles to ventricles, but the variations in the 
P-{< intervals are considerable and in the short illustrative tracings follow no obvious pattern, though 
si h a pattern may perhaps be apparent in longer records. As far as can be seen the block is not of 
the Wenckebach type and is probably related to the mechanism described above. In this connection 
il is interesting that temporary nodal rhythm was observed in two of these cases. All three patients 
were receiving digitalis; two had organic heart disease and the third had an enlarged heart and, during 
attacks of tachycardia, a high blood pressure. The auricular rates in the illustrative records were 
212, 188, and 167 with corresponding ventricular rates of 165, 112, and 131. 

One other patient relevant to the discussion (Case 9) was a woman suffering from chronic rheumatic 
heart disease who, when under the influence of digitalis, developed tachycardia with partial block. 


Exercise increased the auricular rate slightly and **. . . the ventricles responded to each auricular beat 
for a short time, then became slower and irregular and finally displayed a long period of near stand- 
still, interrupted by idiopathic ventricular beats. . . .”’ These idiopathic complexes are similar in 


structure to the complexes throughout the record, suggesting a point of origin close to the A-V node. 
This makes it clear that, in some cases of paroxysmal tachycardia, the auricular impulses may fail 
partly or completely to stimulate the ventricles, and that there is a tendency for the ventricles to be 
controlled by a pacemaker lying in or near the A-V node, the impulses from which are not necessarily 
regular. 

On account of wartime conditions a thorough search of the literature has been impossible, but a 
limited review has revealed no other case in which the particular form of dissociation here described 
has developed in a patient without organic heart disease and not under the influence of digitalis. 


SUMMARY 


A case of paroxysmal auricular tachycardia is described, in which there developed a spontaneous 
attack of A-V dissociation, with high auricular and ventricular rates amounting to a double tachy- 
cardia. The condition could be partly reproduced during attacks of auricular tachycardia by atropine, 
adrenalin, and carotid sinus pressure. The patient’s heart was otherwise normal and no drugs had 
been given. It is suggested that the condition is due to a form of heart block the mechanism of which 
is allied to, but not identical with, the Wenckebach phenomenon. 
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A boy of thirteen years was first seen at his own home on April 5, 1943. A congenital 
heart lesion had been diagnosed early in life: he was undersized, but showed no other con- 
genital defect; and there was cyanosis and clubbing of fingers. He was alert, intelligent, and 
engaging. For three days he had been vomiting blood in small quantities, but the total loss 
had been considerable. When first examined his heart rate was 144 a minute, the rhythm 
regular, and the pulse volume very poor. The apex beat was diffusely felt in the fifth space 
about two and a half inches from the mid-sternum; there was no thrill; there were soft systolic 
and diastolic murmurs audible all over the precordium, but these murmurs proved to be 
transient. 

On admission to hospital the hematemesis ceased, his pulse rate fell to normal, and no 
murmur could as a rule be heard, though sometimes there was an apical systolic bruit. 
Congenital methemoglobinemia as a contributory cause for his cyanosis was excluded. His 
blood pressure was usually 120/70. On April 19, his red cell count was 7,500,000 and his 
hemoglobin 130 per cent. His temperature was unstable with a maximum of 100° F. 
Hematemesis recurred but never in alarming amounts. On April 28, his cyanosis was more 
intense, and gallop rhythm was present with a heart rate of 108, but this disappeared before 
his death from congestive failure on May 13. 


The electrocardiogram showed large P waves in leads I and II; the S waves were approxi- 
mately twice the amplitude of the R waves in leads I and III with splintering of QRS in II 
(Fig. 1). 


An X-ray picture of the chest by portable apparatus showed “ an enlarged globular heart 
of congenital type ”’ (Fig. 2). 


























































































































Fic. | and 2.—Electrocardiogram and radiogram (see text). 
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The transient murmurs made clinical diagnosis of the nature of his malformation difficult. 
hematemesis was correctly attributed to esophageal varices. 


—_ 


Necropsy REPORT 

The heart was rather bulbous in shape. The longitudinal and transverse measurements 
being about the same—three and a half inches. 

ihe transverse enlargement was entirely in the right ventricle, which completely covered 
the left ventricle when the heart was viewed from the front. The right auricle was very 
larce and passed upwards and forwards in front of the aorta. The aorta was normal in 
ap, earance for its first one and a half inches and was only very slightly displaced to the right. 
There was no pulmonary artery arising from the right ventricle; instead a large arterial trunk 
arose from the left side of the aorta about one and a half inches from its origin (Fig. 3). This 
pu.monary trunk divided into a right and left artery after a course of about one and a half 
inches. The superior and inferior vene cave emptied into the right auricle and the pulmonary 
veins emptied normally into the left auricle which was very small. The major branches of 
the aorta arose in their usual sites from the aortic arch. 

he epicardium was normal and the sub-epicardial fat was considerable in amount. The 
Veils in it Were rather prominent. 

On dividing the heart in its long axis through auricle and ventricle, the right auricle was 
found to be dilated and there was a large patent foramen ovale. The myocardium was 
hypertrophied, and the musculi pectinati were enormously hypertrophied. The auricular 
appendage between the musculi pectinati was very thin and almost transparent. The tri- 
cuspid valve was normal. The muscle of the right ventricle was hypertrophied and measured 
2 cm. in thickness. The ventricular septum was slightly thicker. There was a complete 
absence of the membranous septum and the conus arteriosus was absent (Fig. 4). The blood 
must have passed through the deficient membranous septum to the aorta. The left auricle 
was very small and the myocardium was not hypertrophied. The mitral valve was normal 
and the left ventricular wall was slightly thicker than normal. The aorta opened from this 


r\~A 








1G. 3.—Anterior aspect of the heart showing enlarged Fic. 4.—The heart on section, showing the absence 
right auricle and ventricle. P.T.—persistent of the pars membranacea of the interventricular 
truncus arteriosus. A=aorta. P=pulmonary septum. 
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ventricle and apparently the blood which reached it from the right ventricle did so thro: gh 
the deficient septum rather than because of dextroposition of the aorta. The aortic vaive 
was tricuspid and competent; the cusps did not present a “ fleshy ” appearance and all he 
heart valves were free from endocarditis. 


COMMENT 

Of 1000 cases of congenital cardiac malformation analyzed by Maude Abbott (19:2), 
21 showed persistent truncus arteriosus; the oldest subject lived to twenty-five, but the average 
age at death was four years; hypertrophy of the right ventricle was found in 15 and of the left 
ventricle in 11 cases; dextroposition of the aorta was found in 19 cases. In the case row 
described it was at first thought that there was no dextroposition but on closer scrutiny it was 
considered that the truncus was slightly superimposed on the right ventricle and not altoge her 
on the left. Brown (1939) agrees with Humphreys (1932) in describing five types: 

(1) Partial common trunk with ductus arteriosus. 

(2) Partial common trunk without ductus arteriosus. 

(3) Complete common trunk with independent origin of pulmonary arteries. 

(4) Complete common trunk with one pulmonary artery and a bronchial artery. 

(5) Complete common trunk with no sixth arch derivatives and bronchial arteries. 

The present case appears to be of Humphreys’ fourth type, the single pulmonary artery 
arising as a branch from the common trunk and then dividing into right and left branches. 
Maude Abbott stated that four valve cusps of “ fleshy ” type are to be expected on embryo- 
logical grounds but that tricuspid valves have been described in a number of cases including 
two of her own series. Brown quotes Ross (1935) that the cusps differ from normal cusps by 
the absence of elastic tissue and their general structure of myomatous tissue, and this finding 
was confirmed by Abbott. In the present case the three cusps were normal to both naked eye 
and microscopic examination. 


SUMMARY 
A persistent truncus arteriosus was found after death in a boy aged thirteen years, who 
had always been cyanosed and breathless, and had suffered from hematemesis due to 
cesophageal varices. The cardiac murmurs had been transient; there was no endocarditis 
and death was attributed to congestive failure. Electrocardiogram, radiogram, and post- 
mortem findings are recorded. 


I wish to thank Professor J. H. Biggart for his valued opinion, Dr. C. R. Murdock for the necropsy 
report, Dr. F. C. Montgomery for the radiogram and Mr. A. M. Mahaffy for photographs of the heart 
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fhe purpose of this paper is to record and discuss the case of a boy with well-marked 
coaretation of the aorta, who made a complete recovery from subarachnoid hemorrhage 
due to a leak from an intracranial aneurysm, only to die from rupture of a dissecting aortic 
ancurysm. A double mitral auriculo-ventricular orifice found at autopsy in this case is an 
exiremely rare cardiac anomaly, only ten previous cases having been recorded (Abbott, 1927). 
: the present case the occasional diastolic or presystolic mitral murmur may have been the 
ciinical counterpart of this anomaly. We can find only two previous cases in which recovery 
from a subarachnoid ‘hemorrhage in association with coarctation has been recorded—one in a 
girl, aged 12, reported by Lichtenberg and Gallagher (1933), and the other in a woman of 25, 
reported by Baker and Sheldon (1936)—and in neither case was the cerebrospinal fluid available 
for examination. 


CLINICAL FEATURES 


The patient, R. W., was found to have abnormal heart sounds at the age of five years during a 
routine examination at a school clinic. He remained under observation, first of Dr. Carey Coombs 
and later of Professor Bruce Perry, until the age of 14, when he left school. During this period health 
and growth were normal and there were no relevant subjective symptoms. The cardiac lesion caused 
no apparent disability except that sometimes after exercise he became cyanosed. Its nature was not 
firmly established for some years. A loud apical systolic murmur was present constantly and it was 
noted that there was also from time to time another apical murmur which was mid-diastolic or pre- 
systolic in character; because of the latter murmur the possibility of a rheumatic origin was con- 
sidered. From 14 to 17 years of age he worked in a factory, where his work included vigorous physical 
exertion, such as the moving of heavy packing cases: he had infrequent attacks of headache and 
vomiting. Later he worked as an A.R.P. messenger and he rendered good service during the air 
raids on Bristol. At the age of 17 years, on July 10, 1941 he had a sudden fainting attack, details of 
which are not available. On July 15, he had a severe attack of vomiting, lasting a few hours and 
followed, on the evening of the next day, by a sudden violent frontal headache attended by neck 
rigidity; this persisted until his admission to hospital on July 17, with a tentative diagnosis of acute 
meningitis. On examination in hospital the patient, a strongly built youth, had slow slurred speech 
and slow.cerebration. Temperature and pulse and respiratory rates were normal. There was marked 
neck rigidity and Kernig’s sign was positive on both sides, but there was no head retraction, and the 
abdominal and tendon reflexes were normal, and the plantar reflex on both sides was flexor. There 
Were no signs of cranial nerve lesions, and the motor and sensory systems appeared normal. The 
cerebrospinal fluid was heavily blood-stained and under slightly increased pressure. 60 c.c. were 
withdrawn; three tubes were used to collect the fluid and in each the proportion of blood appeared to 
be about the same; it was free from clot. There was no relative increase in leucocytes; the protein was 
20 mg.; chlorides, 760 mg.; and urea, 43 mg.; each per 100 c.c. On centrifugalization the supernatant 
fluid was quite clear and colourless. 

Cardiovascular system.—The apex beat was very forcible and was situated in the fifth left inter- 
space, One inch outside the mid-clavicular line. The first heart sound was completely replaced by a 
loud prolonged rasping murmur heard all over the precordium. Pulsating vessels could be seen and 

t in many areas of the chest wall, particularly, on both sides of the sternum, near the anterior 
\illary folds, over the upper part of the rectus sheath, and at the back between the inner borders of 
capule. A murmur similar to the cardiac murmur could be heard over many of the dilated super- 
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ficial arteries and was particularly marked just above and medial to the angle of the right scapula. T) 
radial pulses were equal, full, and bounding, and the blood pressure in both arms was 220/120. 1 
pulse in the femoral arteries could not be felt although a slight pulsation was felt in the left dorsa 
pedis artery. The systolic blood pressure in the legs could not be determined accurately, the readin 
varying between 120 and 130; the diastolic pressure could not be determined. The lungs appea 

normal and there were no other relevant findings. 

On July 18 he was much better. The headache had gone. Slight ptosis of the left eyelid \. as 
observed. The cerebrospinal fluid was blood-stained, the pressure normal, the supernatant fl: ic 
straw-coloured, protein 25 mg., urea 43 mg., sugar 71 mg., each per 100 c.c. No relative increase of 
leucocytes, Wassermann reaction negative, culture sterile. A small quantity of cerebrospinal fi: id 
was withdrawn twice daily for the next few days; the fluid became progressively clearer. On July 
the neck rigidity had disappeared, the ptosis was diminished, and the speech somewhat impro\ 
Radiographic examination showed an enlarged left ventricle and the characteristic notching of ihe 
ribs. No enlargement of the aortic arch could be seen. Progress continued satisfactorily and wiien 
he was discharged from hospital on August 16, 1941, he was mentally normal, his speech was normal, 
and there was no ptosis of the eyelid. At no time was there any elevation of temperature, pulse, or 
respiration. He seemed strikingly untroubled by his grave cardiac lesion and he presented the robuist 
physique commonly associated with the so-called adult type of aortic coarctation. He returned to 
work and remained well, without headaches, for the next 13 months. He was, however, found dead in 
bed one morning, having died sometime during the night: he had felt perfectly well when going to bed 
on the previous evening. 


24 ao oO 
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PATHOLOGICAL EXAMINATION 

The body was that of a well-nourished and well-developed youth. There were no external 
abnormalities. The serous cavities, with the exception of the pericardium, were normal, and 
the internal organs with the exceptions described below, appeared normal apart from a 
moderate acute congestion. The thymus weighed 45 grams. 

Heart and Aorta. The main features were a supernumerary mitral valvular apparatus, a 
marked hypertrophy of the left ventricle, bicuspid aortic valves, fusiform dilatation of the 
ascending aortic arch with dissecting aneurysm and consequent rupture into the pericardial sac, 
almost complete coarctation of the so called adult type, and anomalous great vessels (Fig. 1). 

The heart weighed 550 grams, mostly the result of a well-marked hypertrophy of the left 





Fic. 1.—To show the coarctation, and the four vessels arising from the aortic arch. The arrow points to ‘1¢ 
rupture of the intima. 
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ventricle, the wall of which was 20 mm. thick. The left auricle appeared normal. The main 
mitral valve ring was 55 mm. in circumference. In the middle of its aortic cusp there was a 
omplete accessory or supernumerary mitral apparatus, the ring of which was 45 mm. in 
cumference and furnished with two cusps which had a line of closure at right angles to that 
‘the main mitral cusps. The accessory cusps were well supplied with chorde tendinee and 
pillary muscles; the cusps were well-developed, forming a narrow elongated cone (Fig. 2). 
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Fic. 2.—To show the double auriculo-ventricular mitral orifice, the left ventricle and the left auricle have been 
cut open and one cusp of the mitral valve divided and cut away. Facing is the aortic cusp of the mitral 
valve (marked A) with the supernumerary orifice: at the base of the opening (marked B) a small part of 
the left ventricular cavity can be seen. 


There was no sclerosis or fenestration of any of the heart valves. The bicuspid aortic valves 
showed a slight diffuse thickening which rendered them more opaque than normal. The valve 
ring was 90 mm. in circumference. Both coronary arteries arose from the posterior cusp and 
there was no raphe in either aortic sinus. There were no other notable findings in the heart. 
The other measurements were: right ventricle, 5 mm. thick; circumference of the tricuspid 
ring, 100 mm., and of the pulmonary ring, 70 mm. 

In the ascending aorta the fusiform dilatation showed a maximum circumference of 
approximately 130 mm., the aorta narrowing at the site of origin of the great vessels to a cir- 
cumference of 25 mm. At the origin of the foetal isthmus there was a further considerable 
narrowing, the diameter showing a maximum of 5 mm.; the isthmus continued as a cone- 
shaped tube to the site of the coarctation, which admitted a hair-like probe after some mani- 
pulation. The site of the coarctation was at the attachment of the obliterated ductus. Below 
the coarctation the aorta rapidly widened to a circumference of 38 mm. The great vessels 

»se from the arch in four main branches which could not be traced out under the circum- 
tances of the autopsy. 
p 
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A dissecting aneurysm originated in a linear breach of the aortic intima, 35 mm. in length 
and commencing 20 mm. above the posterior aortic cusp. The dissecting aneurysm extende 
by a splitting of the media, from the root of the aorta to the origin of the great vessels to for» 
a cuff-like sheath of blood. At a point in the aorta opposite the origin of the dissection t! 
blood ruptured outwards into the pericardial cavity, resulting in a hemopericardium, whi 
was the immediate cause of death. Histologically (Fig. 3), at the site of origin of the diss 
tion, there were numerous focal defects of elastic tissue in the media and the blood had ruptur 


' — ¢ 





Fic. 3.—Aorta at the site of rupture through the intima, showing the beginning of the dissection. Magnifica- 
tion x 50. 


through the intima into one of these breaches in the elastica. Similar focal defects with 
replacement by hyaline collagenous material were observed in sections taken from the ascend- 
ing aorta in other sites and in a section from the aorta below the coarctation. 

Below the coarctation the intercostal arteries showed considerable enlargement; at the 
orifices of these arteries there were a few smooth yellow patches of atheroma in the aortic 
intima. There was also an occasional yellow streak of intimal atheroma, both above and 
below the coarctation. There was no fatty intimal change at or near the origin of the dissect- 
ing aneurysm. 

In the brain there was a berry aneurysm | cm. in diameter (Fig. 4), situated on the left 
middle cerebral artery just beyond its first main division as it passed on to the island of Re il. 
Above this berry aneurysm, about 4 cm. distant, there was a cyst in the brain substance whch 
contained a faintly brown fluid. The cyst was about 2 cm. in diameter and the wall showed a 
deep yellow pigmentation. The adjacent pia-arachnoid showed a similar discoloraticn. 
No aneurysm could be identified in the small artery which passed into the wall of the cyst, but 
it appeared most likely that this lesion resulted from a leakage from a second aneurysm rat! er 
than from the aneurysm several centimetres distant. No other abnormalities were found in t 1¢ 
brain or the meninges. Numerous sections of the arteries forming the circle of Willis w.re 
examined microscopically. Occasional defects of the muscular coat were observed of i.1¢ 
type commonly found in normal subjects. Sections stained by Verhoeff’s elastic tissue stein 
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Fic. 4.—Cross-section of brain to show the aneurysm and the area of hemorrhagic infarction. 


followed by a modification of Masson’s trichrome stain showed several irregularities and 
breaches in the internal elastic lamina reminiscent of the elastica defects in the aorta (Fig. 5). 
There was no atheroma of the cerebral vessels. 


The left kidney weighed 200 g.; the right, 207 g. In both the capsule stripped easily leaving a 
smooth underlying surface. On section the normal architecture was clearly defined and there was 
moderate acute congestion. There was a normal proportion between cortex and medulla, the ratio 
being approximately 3:1. The main renal arteries appeared normal. Apart from acute congestion, 
no pathological change was observed. Several sections of the kidneys stained with Masson’s tri- 
chrome stain were examined with the object of observing the Goormaghtigh bodies. No hypertrophy 
or hyperplasia of the Goormaghtigh cells was observed, and Lieut.-Colonel F. Bayless, U.S.A.M.C., 
kindly examined the sections and confirmed this observation. The small arteries and arterioles 
showed no muscular hypertrophy or other change. 


DISCUSSION 

The association between intracranial aneurysm and coarctation is an interesting one. 
Abbott (1928) considered that an intracranial aneurysm was most probably present in all cases 
of coarctation terminating with an intracranial hemorrhage before the end of the second 
decade, where there was no history of infection or other apparent cause. She estimated that 
intracranial hemorrhage was the cause of death in about 10 per cent of cases of the so-called 
adult type. In view of the high cephalic blood pressure in coarctation it is not surprising that 
recorded clinical cases of recovery from intracranial hemorrhage with associated aortic 
coarctation are so very rare. In the present case the diagnosis of subarachnoid hemorrhage 
Was established by the finding of blood-stained cerebrospinal fluid. This fluid was obtained 
twenty-four hours after the onset of violent headache and neck rigidity, which was presum- 
ably the result of blood leaking into the subarachnoid space. The fluid showed an even 
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admixture of blood, with no clot and without variation in three successive samples from the 
first puncture, and the supernatant fluid was quite clear. Merritt and Fremont-Smith (19 7) 
state that the cerebrospinal fluid will be yellow or xanthochromic if it has contained blood | or 
more than four hours before removal. We consider that the evidence in this case is stron. ly 
in favour of the blood not being traumatic in origin and that it suggests that exceptions « in 
occur to Merritt and Fremont-Smith’s generally accepted statement. In the case under « s- 
cussion subsequent specimens showed considerable hemolysis. 

An underlying factor common to intracranial aneurysm and aortic coarctation can now be 
considered in view of Glynn’s (1940) observations on elastic tissue defects in intracra: :al 


arteries associated with aneurysm. Glynn directs attention to the importance of lesion: of 


the elastic elements in the intracranial arteries in the genesis of these aneurysms, pointing out 
that the medial muscular defects can have little etiological significance, occurring as they do in 
about 80 per cent of the population. He confirms that there is a peculiar concentration of ‘he 
elastic tissue into the internal elastic lamina in the muscular cerebral arteries. From inflation 
experiments he shows that the unsupported internal elastic lamina can withstand a pressure 
twice as high as the highest recorded in cases of high blood pressure, and he suggests that ‘he 
main strength of these vessels, concentrated as it is into one inner layer, is very susceptible to 
injury such as encroachment by atheroma; and he thinks it justifiable to conclude that this 
topographical peculiarity. is also responsible for aneurysm formation as a result of non- 
atheromatous degeneration of elastic fibres. In view of Glynn’s work we examined several 
serial sections of the circle of Willis in our case and found a considerable number of areas in 
which the internal elastic lamina showed a focal thinning or interruption, sometimes with 
replacement by hyaline fibrous tissue. An example of such a defect is illustrated in Fig. 5 


~> 





Fic. 5.—Breach of internal elastic lamina. Circle of Willis artery. Staining, Verhoeff,and Masson. Mas ii- 
fication x 155. 
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and until we have the opportunity of examining an adequate series of normal cases to serve as 
controls we are unable to indicate their precise significance; but they are sufficiently striking to 
merit further attention, and they direct attention toa single pathological process which may be 
comon to two anomalies having a marked clinical association, notably intracranial berry 
an urysm and coarctation of the aorta. We consider that the weakening of the internal 
el:<tic lamina, which we believe existed in our case, is a condition similar in etiology to the 
fo: 11 hyaline defects in the elastic tissue in the aorta. These defects were found microscopi- 
ca y in 12 out of 13 cases of rupture of the aorta reviewed by Abbott (1928), and they were 
present in our case above and below the coarctation (Fig. 6). There is no reasonable doubt 


FA WEN 


tity 


if 






f 


Lf 
+ 


Fic. 6.—Elastica defects below the coarctation. Similar defects were shown in a micro-photograph above the 
coarctation, some distance from the point of rupture, but the figure has not been included. Magnification 
50. 


that these defects in the aorta, congenital in origin, are the etiological factor in the great 
majority of cases of aneurysm and rupture of the aorta associated with coarctation. They 
provide a striking parallel to the weakness of the elastica in the cerebral vessels. Shennan 
(1934) in reviewing 300 cases of dissecting aneurysm of the aorta decided that primary degen- 
erative changes in the media were the most important factors and that some degree of stenosis 
of the aortic isthmus was not uncommon; in some of his cases there were symptoms suggesting 
a local lesion in the brain. 

Clinically the occasional diastolic or presystolic heart murmur was possibly due to the 
supernumerary mitral valve. This murmur made it necessary at one period to consider the 
presence of rheumatic heart disease; that was, however, excluded at the autopsy. There is 
some obscure relationship between the aortic calibre and the presence of double mitral orifice 
for in two of the ten cases of double mitral orifice previously reported (Abbott, 1936) there was 
an associated aortic hypoplasia. The present case emphasizes this association, but we are 
le to suggest any reason for its occurrence. Anatomical opinion that we have sought 











204 J. N. P. DAVIES AND J. A. FISHER 


considers that the two abnormalities cannot be explained satisfactorily on a single aberr: nt 
embryological process. 


SUMMARY 





The case is reported of a male, aged 17, with coarctation of the aorta and other congen ial 
defects. He developed a cerebral hemorrhage from a berry aneurysm, and made a comp ‘te 
recovery from this, only to die later from rupture of the aorta. 

The autopsy revealed that, in addition to the coarctation of the aorta and associa ‘ed 
defects of elastic tissue, there was a double mitral valve. The probable counterpart during 
life of this rare anomaly was a presystolic or diastolic murmur in the mitral area. 

The relationship of these defects is briefly discussed. 


We wish to thank Professor C. Bruce Perry for his clinic notes and Mr. T. J. H. Cooke who took the phot \ 
graphs. 
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[riple heart rhythm stands for the cadence produced when three sounds recur in successive 
liac cycles, just as two sounds compose the familiar dual rhythm of cardiac auscultation, 
and more rarely, four sounds a quadruple rhythm. 
rhe conflicting views on the subject have long served to discourage attempts at a clinical 
perception of the problem. Disagreement is perhaps best illustrated by recounting the varied 
terminology employed to describe it. Thus we have gallop rhythm, canter rhythm, and trot 
vthm; presystolic gallop, systolic gallop, protodiastolic gallop, and mesodiastolic gallop; 
complete summation gallop and incomplete summation gallop; auricular gallop, ventricular 
lop, and auriculo-ventricular gallop; true gallop; left-sided gallop and right-sided gallop; 
pid-filling gallop; diastolic echo; mitral opening snap; reduplication of first sound and 
reduplication of second sound; Potain’s murmur; third heart sound and fourth heart sound. 
Others may have escaped my notice. This muddled nomenclature, as long as it stands, will 
frustrate any attempt to unify the many views held on triple rhythm. There is need of a 
simplified terminology based on clinical findings. It is indeed clear that a neglect of the 
clinical aspect on the one hand, and a persistence on the part of many to explain the mechanism 
of the supernumerary sound on the other hand, and to classify triple rhythm in accordance 
with sound records, have been largely responsible for obscuring this common form of cardiac 
rhythm. Phonocardiography need not become a routine test in clinical cardiology; when it 
has helped to establish a classification of triple rhythm it will have achieved its main purpose, 
though it will still serve in other auscultatory problems. In the present investigation it has 
been a condition that the supernumerary heart sound should be elicited first by clinical 
auscultation. No phonocardiogram was taken as a preliminary test, and it was only recorded 
later in order to confirm or correct the clinical impression that had already been gained. 
Among patients attending the Cardiac Department of the London Hospital during a recent 
period, and known to have heart disease or referred for an opinion on the heart, there were 
270 who presented triple rhythm. These were placed in a special series for which a set method 
of inquiry had been prepared. A regularized history was taken and a general examination 
was made. A special record was taken of the heart rate at rest and after exercise, the presence 
of cardiac enlargement, the symptoms and signs of heart failure, and the blood pressure. 
\s to the supernumerary sound, its site, distribution, and character, were separately noted, 
as well as the effects upon it of respiration, change of posture, and induced tacliycardia. The 
apical impulse was examined by palpation and direct auscultation. Cardioscopy was a routine 
method of examination by which the size of the separate heart chambers was assessed. At 
the start certain measurements were taken; these included the width of the heart and thorax, 
and the height of the right auricle and diaphragm, but they were discontinued when it was 
realized that they brought no valuable information. Sometimes, however, use was made of 


_* The third Strickland Goodall Memorial Lecture delivered before the Worshipful Society of Apothecaries 
1 London, June 24, 1942. 
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the distance between the junction of the right auricle and superior vena cava and the sumr it 
of the pulmonary arc, for it partly expressed the degree of pulmonary artery distension wh-n 
present. In certain patients a limb lead electrocardiogram was always taken. A phoro- 
cardiogram by a Cambridge string galvanometer and the electrocardiogram were tak n 
simultaneously on the same plate. 

In addition to the series of patients with triple rhythm, 200 subjects were added in « 
course to serve as control cases for this investigation of certain types of triple rhythm. 


oO 


CLASSIFICATION 


I do not intend to deal here with a complete bibliography of the subject because a faithrul 
account of it was recorded by Holt (1927). Of course I shall refer to the work of many of 
those who before and since have described their clinical and graphic findings in patients 
with triple rhythm, and have thus contributed much to our knowledge of the problem. 
Particularly do I want to mention the astute observations of Potain (1856, 1866, 1876, 1880, 
1894, and 1900) in pre-phonocardiographic days more than half a century ago. He differen- 
tiated between gallop and split sounds. A reduplicated or split sound, he said, was one where 
the two components had the same quality and pitch and were separated one from the other by 
a very short interval, while a gallop rhythm had a sound added to the normal sounds, and 
separated from them by an appreciable interval. The added sound was usually short and dull, 
a sort of thud, often better felt than heard, and frequently missed if auscultation was carried 
out with a stethoscope alone, monaural though it was. Usually it was detected in the region 
between the apex, the left border of the sternum, and the second rib, and it was sometimes 
heard over a limited area. The added sound was always diastolic and according to its position 
it could be described as protodiastolic, mesodiastolic, or presystolic. The typical gallop was 
presystolic; the protodiastolic gallop presented a diastolic echo and could be likened to the 
recall on the drum or a rebound of a hammer on the anvil. 

The term gallop rhythm has become rooted in the history of triple heart sounds and most 
writers have adopted it. But since the qualifying terms gallop and canter only imply that 
the rhythm initiated by three sounds in the cardiac cycle is simulated by the sounds produced 


by a moving horse, and since adherence to such terms prevents a modern understanding of 


this form of cardiac rhythm, I mean to discard them. Instead it is only necessary to appre- 
ciate that when a supernumerary sound in the cardiac cycle gives rise to triple rhythm, three 
types may be recognized according to the position of the adventitious sound. 

In the first type the added sound is found early in cardiac diastole; it follows the second 
sound immediately and is the third sound in the cardiac cycle. In the second type the added 
sound occurs late in ventricular diastole; it succeeds the period which the third sound c 
tomarily occupies, immediately precedes the first heart sound, and therefore may be styled t':e 
fourth sound. Thus the third sound disturbs the early part of the silent diastolic peric (|. 
and the fourth sound disturbs the end part. In the third type the added sound is situat4 
towards the end of systole just before the second heart sound. The position of the adventitious 
sound in the respective types is usually determined readily by auscultation even in the presen-e 
of moderate tachycardia. Severe tachycardia may be a distinct handicap although even th © 
a Classification of triple rhythm can usually be determined, and especially when aided 
ancillary clinical data, but short of phonocardiography. A scheme setting out the positic 
occupied by these supernumerary sounds in the cardiac cycle is shown in Fig. 1. 

The clinical conditions which give rise to the supernumerary sounds have been arrang: | 
according to the type of triple rhythm which they constitute, and this arrangement sugges 
a classification of triple rhythm. 
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1.—Scheme showing position of heart sounds in cardiac cycle in different types of triple rhythm. 
systolic extra sound. Fourth heart sound occurs in ventricular diastole, but in auricular systole. 
TABLE | 
THE CLASSIFICATION OF TRIPLE HEART RHYTHM 


No. of cases 


Type 1.—Addition of the third heart sound . si sve 205 
(a) In health an ei me a 125 
(b) In right ventricular failure ma or i ae 80 
Mitral stenosis = a me os a 44 
Hypertension oe oe oe a cee 16 
Thyroid toxemia .. shea ee a ons 8 
Congenital heart disease . . os ae ey 7 
Emphy sema = ss 5 
Type 11.—Addition of the fourth heart sound A et 60 
(a) In delayed A-V conduction .. = = ai 14 
(6) In left ventricular failure hs a . a 46 
Hypertension ne ‘i's <4 ae ate 41 
Aortic incompetence : oa ae 5 
Type I1].—An extra heart sound in late sy stole. ee > 


Total 270 cases 


The special clinical and graphic features of the three types of triple rhythm will now be 
] . 
described. 


Type I.—ADDITION OF THE THIRD HEART SOUND 

When the third heart sound becomes audible. in successive cardiac cycles, a form of triple 
rhythm designated here Type I, is established. As long ago as 1855 Stokes reported a case 
in which an early diastolic sound was heard, but it was A. G. Gibson (1907) and Hirschfelder 
(1907) who independently discovered that a wave in the venous tracing was associated with a 
sound in early diastole. Gibson found that this “ b” wave, placed between the “ v”’ and 
“a” waves, was seen at its best in healthy young adults, and in two of these he detected a 
sound between the second and the succeeding first sound. He said that it was not easy to 
hear, but was most distinct in the short interval between expiration and inspiration, and when 
pressure was applied to the abdomen. Gibson informed Einthoven of his discovery and the 
latter (1907) recorded a sound which corresponded in position with Gibson’s * b *” wave and 
Hirschfelder’s “* h * wave. 

| have assembled 205 cases that on clinical examination showed triple rhythm due to 
the appearance of the third heart sound. Of these 125 were healthy subjects, while the remain- 
ing 80 had some form of heart disease. 

Before defining the precise position of the third sound in the cardiac cycle it is necessary 
to describe the normal phonocardiogram of dual rhythm and the relation of the separate 
phases of the tracing to the electrocardiogram. Thus, the auricular sound in health starts, 
i rule, at the end of the P wave and merges into the ventricular part of the first sound which 
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starts near the S wave and never in front of the R wave. The second sound begins at the ead 
of the T wave (Fig. 2). 


Type Ja.—THE THIRD HEART SOUND IN HEALTH 
Einthoven (1907) found that the third heart sound in healthy subjects commenced 0:10 {o 
0-15 sec. after the onset of the second sound, and Lewis (1912) confirmed this. The aver: ze 
in my series was 0:19 sec. (Fig. 3). I have found no value in the measurements which expr-ss 
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Fic. 2.—Dual rhythm. Healthy man, aged 25. In Fic. 3.—Triple rhythm, Type Ia. From a heal 

this and subsequent figures, SR is sound record, man, aged 2! 


and a and v are auricular and ventricular parts 

of first heart sound respectively. 
the duration of the supernumerary heart sounds, but the measure of the interval between 
them has great value. Thus it is not unusual for this interval to become annulled and cause 
the third and fourth sounds to fuse from shortening of the diastolic phase by tachycardia 
and/or lengthening of the auriculo-ventricular period: 

Mechanism. As it is of no consequence here to know the actual mechanism producing 
the third heart sound, little time will be spent in debating the many theories advanced to 
explain it, for our closest attention needs to be directed to the clinical data presented by 
subjects with this form of triple rhythm. It is sufficient, therefore, to recount the common 
views. Gibson (1907) thought that sudden distension of the ventricle by blood from the 
auricle accounted for the sound, implying vibration of a taut ventricular wall. Einthoven 
(1907) believed that it was caused by vibration of the semilunar valves. According to Thayer 
(1908) and Sewall (1909) the sound is produced by vibration of the auriculo-ventricular valves 
after they have been floated into a position of closure by blood distending the ventrick 
Thus, it is not known for certain which part of the heart vibrates, but this is immaterial for : 
clear understanding of the more noteworthy clinical aspects. 

Incidence. The incidence of this type of triple rhythm is commonly regarded as uncertain 
for while many writers speak of it as a common clinical finding, others have said it is r 


4 


and some have disputed its existence. Obrastzow (1905) heard it in 90 per cent of healthy sub- 


jects, Thayer (1909) in 65 per cent of healthy young adults, Gubergritz (1925) in 93 per cen'!, 
and Steinberg (1925) in 95 per cent of healthy children. Bridgman (1915) heard the sound 
in 13 out of 15 healthy boys, aged 12 to 15 years, and recorded it phonocardiographicall) 
all of them. The third heart sound was recorded in 60 out of 100 medical students in wh« 
sound tracings were taken by Braun-Menendez and Orias (1934). 

When 50 control cases with dual rhythm were collected alongside 50 subjects showing 
third sound, triple rhythm was commoner than dual rhythm in subjects of 15 to 18 years 
age, and only a little less common between the ages of 18 and 20. A general acceptance 
the fact that this form of triple rhythm is so common in young subjects is overdue. T! 
realization will come to us as soon as we regularize auscultation to include self-catechi: 
having as one of its questions: ‘“‘ Do I hear more than two heart sounds?” Reference to t 
incidence of this type of triple rhythm in older subjects is scarce. Since this has an importa 
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bearing on differential diagnosis from other forms of triple rhythm, I sought it at all ages. 
lis rare appearance in older subjects became apparent. Ina series of 125 where this form 
of triple rhythm was heard, which excluded children under 9, 115 were under 25 years. The 
ual incidence among the older group was as follows: 1 aged 25, 1 aged 26, 1 aged 27, 1 
zed 28, 2 aged 30, 1 aged 34, 1 aged 35, 1 aged 38, and 1 aged 39. Thus triple rhythm, 
Type Ia, was never heard in subjects of 40 or over; it was rare over 30 (4 out of 125) and 
uscommon at 25 or over (10 out of 125). 
Site. The third heart sound was best heard in the fourth intercostal space at a point 
-way between the nipple line and the lateral border of the sternum and, therefore, a little 
\\2y internal to the mitral area (Fig. 4). In two patients in whom the sound was more distinct 





I 4.—Localization of supernumerary sounds in triple rhythm. Dots and discontinuous lines indicate 
places of maximum intensity and distribution. (A) Type Ia, Type Ila, and Type III. (B) Type Ib. 
(C) Type IIb. 


just outside the mitral area, the heart was found to be displaced outwards by scoliosis. The 
location of the sound is important because it may by itself decide the diagnosis of triple 
rhythm Type Ia (third heart sound in health) from Type Ib (third heart sound in disease), 
for in the physiological variety it is most distinct inside, and in the pathological type usually 
outside, the mitral area. In part, perhaps wholly, this variation in the site of maximum 
intensity of the sound in the two groups depends on the size of the heart, so that in the 
pathological states which may show a third heart sound, the apex beat is moved outwards 
from cardiac enlargement. 

Conditions influencing the intensity of the sound. In order to bring out the third heart 
sound or to increase its intensity, Thayer (1909) adopted certain manceuvres which moved the 
apex nearer to the chest wall and accelerated the venous return to the heart. Thus he listened 
with the subject in the reclining posture after exercise, or inclined on his left side, or while an 
assistant elevated the arms and legs; he also applied abdominal pressure. I have tested all 
these means and found that only two consistently accentuated the third heart sound, namely 
the induction of moderate tachycardia, and the adoption of the reclining posture. In all 
125 subjects with triple rhythm, Type Ia, the sound was best heard in the reclining posture, 
and in 90 the sound actually disappeared as the subject assumed the upright position. In 22 
of the 35 cases in which the sound persisted in the upright posture, its audibility only lasted 
as long as the tachycardia induced by the change of posture lasted. 

The influence of posture on this triple rhythm also helps materially to decide which variety 
is present, whether Type Ia or Type Ib. This in Type Ib the third sound is heard in both 
upright and reclining postures, whereas in Type la the sound usually disappears in the upright 
posture unless tachycardia is present (Fig. 5). Presumably this characteristic influence of 
posture is related to pressure within the right heart so that in the pathological type of triple 

ythm the increased pressure does not fall below the threshold at which the third sound 
pears, even when the upright posture is adopted. 
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A B 
Fic. 5.—Triple rhythm, Type Ila. The third heart sound recorded in the reclining posture (A) disappeared 
in the erect posture (B).. From a healthy girl, aged 15. 
The Heart in Triple Rhythm, Type Ta 
From routine cardioscopy in healthy subjects with a third heart sound, I found that the 
heart showed a characteristic outline. My early impression was that its most distinctive 
feature was enlargement of the pulmonary artery seen as a prominent pulmonary arc. 
Thinking that this might be part of a more general distension of the right heart I sought other 
signs, so that the height of the venous column in the neck was measured, and at cardioscopy 
a record was made of the size of the right auricle and ventricle, and prominence of the superior 
vena cava and hilar shadows; the height of the diaphragm and of the right auricle was 
measured as well as the width of the heart and thorax. Although these changes were not found 
consistently, yet some characteristic of the average radiological appearance of the heart in 


young subjects was very often preserved. Thus, there might be a squat-like appearance of 


the cardiac shadow, high diaphragm and shallow thoracic cage, prominence of the right 
auricle and sometimes of the superior vena cava, prominence of the pulmonary artery which 
filled the pulmonary bay, and increased density of the hilar shadows (Fig. 6). As enlargement 





Fic. 6.—Characteristic heart outline in healthy child, aged 12. Pulmonary artery index (hereafter designat 
P.A. index), 6-0. This and subsequent X-rays are teleradiograms. 
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of the pulmonary are was the most constant feature of the cardiac silhouette, a search was 
mode for a means of recording the impression of the size of the pulmonary artery obtained by 
cardioscopy. For this purpose the distance was measured between the junction of superior 
vena cava and right auricle, and the summit of the pulmonary arc. This distance, measured 
in centimetres, is a rough estimate of the degree of pulmonary artery distension and I have 
named it the pulmonary artery (P.A.) index (Fig. 7). This value, representing as it does the 
w th of the vascular pedicle at its base, is not an actual measure 
o! -he pulmonary artery, and two facts lessen its usefulness; the 
di-:ance is increased byelevation of the diaphragm and diminished 
w'.n the diaphragm is low, and the measurement is increased 
t e right when the ascending aorta is displaced from unfold- 
in of its arch. Yet I have found the measurement useful as a 
m ons of recording the visual impression of the size of the 
| onary artery, although the numerical value does not always 
tay precisely with the judgement formed on cardioscopy 
wich must remain as the most dependable guide in this 
n er. 





n 50 consecutive cases over the age of 15 the size of the —, 7Measure of pulmonary 


pulmonary artery was estimated in terms of the pulmonary artery distension. A, junction 
? : tie ade ame ea ee e. weit ? si ae of superior vena cava and 
artery index as well as by visual impression, and was compared right auricle. B, summit of 


with the same findings in 50 subjects of corresponding age pulmonary arc. Distance 
presenting dual rhythm. In the triple rhythm series the artery pas pon gt gual 
Was prominent in 47 as against 8 in the control group with dual . 

rhythm (Fig. 8). In 2 cases showing prominence of the pulmonary artery (moderate in one, 
and conspicuous in another) in which the third heart sound was not heard by clinical ausculta- 
tion, the phonocardiograph recorded the sound. Although some degree of pulmonary artery 
enlargement was found in a few cases (8 out of 50) in which no third heart sound was heard, 





B 


FiG. 8.—Triple rhythm, Type Ia. Teleradiograms in two healthy subjects, aged 23. (A) with a P.A. index 
of 6:8 showed triple rhythm and (B) with a P.A. index of 6:1, dual rhythm. Other similar contrasted 
pairs were submitted but had to be omitted from consideration of space. 


and no enlargement in 3 of the 50 cases in which the third heart sound was present, the 
incidence of this radiological finding was so common in the triple rhythm group compared 
with the control group with dual rhythm, that the association between pulmonary artery 
irgement and triple rhythm, Type Ia, is strongly supported. I have been at some pains to 
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cardiogram in subjects in this group was in no way distinctive, but changes in the chest lea 
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control the observation, and it is significant that 40 out of 50 cases with triple rhythm show: 4 
a pulmonary artery index of 6-5 or over, whereas the index was less than 6:5 in 41 out of 
cases of the same age that showed dual rhythm (Tables II and III). The limb lead elect: 


are being further examined. 


TABLE If 


THE SIZE OF THE PULMONARY ARTERY IN 100 HEALTHY SUBJECTS HALF WITH TRIPLE RHYTHM (TyPE Ia) 
HALF WITH DUAL RHYTHM 





Estimate of pulmonary artery distension 


at cardioscopy 


Pulmonary artery index 





Age 
Subjects with triple rhythm Control cases Subjects with triple rhythm | Control cases 
16 * * 7-0 5-5 
16 70 $9 
16 _ 70 $°$ 
17 — 6°5 5-0 
17 70 6-0 
17 6°5 §°7 
17 7-0 s2 
17 6:0 5-0 
18 + 70 6-0 
18 5 | 6°5 
18 70 } 6-4 
18 6°5 60 
18 64 6-4 
18 . 70 $9 
18 - 6°5 5-0 
18 7-0 5-6 
18 70 5°7 
18 6:5 $5 
18 | - $5 6:2 
18 | 8-0 64 
18 6°5 5-4 
18 6-0 6:1 
18 68 5:3 
18 7:2 a | 
18 6:2 5:5 
19 70 5:3 
19 | 6-0 6°5 
19 70 5-5 
19 | 70 45 
19 - 6:5 6:2 
19 7-0 5-2 
20 ~ 76 65 
20 8-0 45 
20 | — 70 60 
20 - 60 5:5 
21 + + + 6:7 74 
21 | + 7-2 63 
21 | t 66 5-4 
21 + = 60 60 
21 | > 60 6°5 
22 - 67 45 
22 68 6°5 
22 | 68 5-5 
23 | + 68 5:9 
23 + + + 7-0 70 
24 4 74 | 6:2 
24 5:8 } 5:5 
25 | 6:8 6-0 
27 . 68 5-8 
30 : 6-7 5:2 
* , indicate, great distension; +4 » moderate distension; +, slight distension; —, no distension. 
TABLE Ill 


COMPARING THE SIZE OF THE PULMONARY ARTERY IN 50 SUBJECTS WITH TRIPLE RHYTHM (TyPE Ia) AND 
50 SUBJECTS WITH DUAL RHYTHM 





Measure of pulmonary artery enlargement 





Estimate at cardioscopy 





ees | , 
Cases with triple rhythm |Control cases with dual rhyth 








Pulmonary artery index 











Great 3 l 
Moderate 22 | 
Slight 22 6 
No enlargement 3 42 
Average 6:7 S$:7 
Less than 5-0 0 3 
5:0 to 5:9 2 26 
6:0 to 6:4 8 14 

| 65 to 69 18 5 
7-0 or over 22 Z 
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TRIPLE HEART RHYTHM 
Type Ib.—THE THIRD HEART SOUND IN RIGHT VENTRICULAR FAILURE 

Potain (1900) considered that protodiastolic gallop was not a state where the third heart 
sound was accentuated, but that it was actually a presystolic gallop in the presence of tachy- 
cartia. Although admitting the similarity between the physiological third heart sound and the 
pretodiastolic sound, Gubergritz (1925) believed that there was a difference in the quality 
and intensity of the sounds. Wolferth and Margolies (1933) observed no essential difference 
in quality, location, time relation, or influence of posture and various manceuvres on the 
sounds. They considered that apart from the fact that the physiological third heart sound 
bec me increasingly rare with advancing age, the only criterion available for differentiation 
wa: the state of the cardiac function; when this was abnormal the sound could be arbitrarily 
cla ed as a gallop sound, but if no abnormality was detected the sound could be regarded 
as physiological third sound. Lian (1934) believed that the protodiastolic gallop was pro- 


oO 


duc d by an accentuation of the physiological phenomenon connected with the third heart 
sou.d. I found that this form of triple rhythm can be distinguished from the physiological 
typ. by regarding its position of maximum audibility, the effect upon it of posture, its age 
inc\Jence, and the state of the heart. Thus, it was best heard in the mitral area or beyond 


acco ding to the degree of cardiac enlargement (Fig. 4); although better heard in the reclining 
pos:ure it was usually audible in the upright posture; it was found even in elderly patients; 
it Was associated with disease which produces enlargement and failure of the right side of the 


he namely mitral stenosis, hypertension, thyroid toxemia, congenital heart disease, 
emphysema, pulmonary embolism, and pulmonary hypertension. Not all cases with these 
clinical conditions have triple rhythm, and the circumstances deciding its presence will be 


mentioned as each condition is discussed. 
\s in triple rhythm of Type Ia, so in Type Ib, the limb lead electrocardiogram was not 
in any way distinctive, except that it sometimes showed auricular fibrillation or right axis 


deviation. 


The Third Heart Sound in Mitral Stenosis 


In no other section of triple rhythm is opinion more confused than in the one dealing with 
the supernumerary heart sound in mitral stenosis. Lewis (1915 and 1934) stated that a wide 
duplication of the second sound initiating a sort of gallop rhythm occurred especially in cases 
of mitral stenosis with a slow heart rate. The extra sound in the early part of a long diastole 
was unrelated to auricular systole because it persisted when the auricles fibrillated; it was 
probably due to an unusual intensification of the normal third heart sound and tended to be 
contined to the region of the apical impulse. Conner (1927) described 10 patients, 4 with 
severe mitral stenosis, in whom he found an unusual variety of gallop rhythm; the super- 
numerary sound in early diastole was so exaggerated as to dominate the auscultatory findings 
resulting in a sound much louder than the two heart sounds which preceded it. White (1931) 
said that the protodiastolic gallop produced by accentuation of the third sound of the heart 
Was relatively rare in mitral stenosis since it was masked by the diastolic murmur. Wolferth 
and Margolies (1933) differentiated between the opening snap of mitral stenosis and the 
physiological third heart sound or protodiastolic gallop, in that the snap was short and sharp, 
closer to the second sound, heard only in mitral stenosis, and in the third and fourth interspace 
over the body of the heart and not at the apex. Bramwell (1935) and Braun-Menendez 
(1938) regarded the gallop rhythm in mitral stenosis as the result of an exaggerated third heart 
sound, 

friple rhythm was specially sought in 70 patients with mitral stenosis, 25 of whom also 
had auricular fibrillation, and it was found in 44 (63 per cent). The added sound was heard 
in 21 of the 25 cases with fibrillation, and in 23 of the 45 with sinus rhythm. Thus triple 
rhythm was a much commoner finding with fibrillation present. Usually it was heard best 
o\ ards the anterior axillary line over the displaced apex beat, but sometimes equally well in 
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the mitral area. The triple rhythm of mitral stenosis was always heard in the erect as we! as 
in the reclining position. Although moderate tachycardia was found to accentuate r 5st 
forms of triple rhythm, it had a deterrent effect on that of mitral stenosis with auric Jar 
fibrillation. In 14 of the 44 cases with triple rhythm the third sound was short and ¢ sar 
like the second sound, although generally less loud. The distance between the second ad 
third sounds was compared with the same measurement obtained in cases of triple rhytim 
in health, i.e. Type Ia; in the healthy group the distance varied between 0-16 and 0-23 witii an 
average of 0-19 sec. while in the presence of heart disease (Type Ib) it varied from 0-13 to 5-20 
with an average of 0°18 sec., so the position of the third sound was the same in both the hea chy 
and pathological groups (Fig. 9 and 10). In the remaining 30 cases the third sound vas 
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Fic. 9.—Triple rhythm, Type Ib, in a woman aged 28 _ Fic. 10.—Triple rhythm, Type Ib, ina woman aged 46 


with mitral stenosis. Diastolic murmur pre- with mitral stenosis and auricular fibrillation. 
ceded first sound, and mid-diastolic murmur Third heart sound was clear and not associated 
started at site of third heart sound. with murmur. 

associated with the characteristic rumbling diastolic murmur of varying duration. This 


study of the relationship between the third sound and the mid-diastolic murmur in mitral 
stenosis has shown that they always coincide. I never found the diastolic murmur of mitral 
stenosis situated in the cardiac cycle in front of the third heart sound. It follows then that a 
diastolic murmur in mitral stenosis may occupy the late- or mid-diastolic period, but never 
the early part, so that an early diastolic murmur in the mitral area immediately following the 
second sound is evidence of aortic incompetence. Although the audibility of the super- 
numerary sound in mitral stenosis was sometimes disturbed in the mitral area by the diastolic 
murmur of aortic incompetence, it was never wholly obscured by it especially if auscultation 
was carried out towards the axilla. 

An estimate of the size of the heart was made at cardioscopy in all cases of mitral stenosis 
that were specially examined for triple rhythm. The size of individual cavities was assessed 
and the presence and extent of pulmonary congestion. The pulmonary artery index was also 
recorded, and the results are given in Table IV. These appear to establish that in patients 


with mitral stenosis the finding of a triple rhythm gives some indication of the degree of 


cardiac enlargement. The size of the heart as a rule was least in those patients wit!out 
(Fig. 11), and greatest in those with, triple rhythm (Fig. 12). When the heart was very Jorge 


TABLE IV 


PULMONARY ARTERY INDEX IN 70 PATIENTS WITH MITRAL STENOSIS 





| | 
| 44 patients with triple rhythm (Type Ib) | 26 patients with dual rhyth: 


Pulmonary artery index 








Average | 8-4 63 
Less than 7:0 5 patients 16 patients 
7:0 to 7°5 10 a a 


7-6 to 8-9 | 14 
9-0 or over 15 
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the supernumerary sound was commonly associated with the characteristic rumbling diastolic 
murmur. In view of this association between triple rhythm and the size of the heart it follows 
the: this auscultatory sign does not always aid in the recognition of early mitral stenosis, but 





Anterior Right Oblique 


Fic. 11.—Dual rhythm in a woman, aged 24, with mitral stenosis. Teleradiogram shows slight cardiac 
enlargement and P.A. index of 7:6. 


it can tell something of the size of the right heart and it may often provide a valuable clue in 
differential diagnosis. Thus, in a case with auricular fibrillation where auscultation in the 
mitral area finds only a systolic murmur and no certain evidence of mitral disease, the presence 
of this type of triple rhythm will help to establish the diagnosis of mitral stenosis. This 





Fi 12. Triple rhythm, Type Ib, in aman, aged 52, Fic. 13.—Triple rhythm, Type Ib, in a woman, aged 
with mitral stenosis. Teleradiogram shows 18, with thyroid toxemia. Teleradiogram shows 
onsiderable cardiac enlargement and high P.A. cardiac enlargement and high P.A. index value 


ndex of 9-4. of 8-0. 
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triple rhythm is also expected in the fibrillation of thyroid toxemia, and is not uncomm« 
prolonged hypertensive failure with fibrillation, but I have never met it in senile or 
fibrillation, where the heart was of normal size or thereabouts. 


The Third Heart Sound in Hypertension 

When heart failure makes its appearance in hypertension, triple rhythm is commonp 
but it is usually due to the presence of the fourth heart sound and not the third. Such pat 
are subject to paroxysmal nocturnal breathlessness and show pulmonary congestior 
radiological examination. The familiar signs of right heart failure, namely, cyanosis, 
tension of veins in the neck, enlargement of the liver, ascites, and oedema of the ankles. 
missing. When, however, left ventricular failure has been present for some time these s 
often appear, and triple rhythm due to the third heart sound may then be elicited espec 
if tachycardia has not shortened diastole to such an extent as to cause fusion of the third 
fourth sounds. This latter event has been described in a valuable paper by Wolferth 
Margolies (1933) as summation gallop. Although the term is a useful one, it has lin 
clinical value by itself, depending as it does on findings in the phonocardiogram, and 
necessary to decide which supernumerary sound preponderates in the sound record a 


tachycardia has subsided. Many patients presenting triple rhythm, Type IIb, show this fusi 


of the two sounds; but when the effects of failure have been reduced by rest and the us 


mercurial diuretics, and tachycardia has subsided with lengthening of the diastolic peri 
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Fic. 14.—Triple rhythm, Type IIb (shown in A), changed to Type Ib (shown in B), after treatmen’ with 
and mercurial diuretics. Male, aged 40, with hypertensive heart failure. 


causing separation of the third and fourth heart sounds, the triple rhythm often changes fro 


Type IIb to Type Ib (Fig. 14). 

So far, | have found triple rhythm due to the third heart sound in 16 patients, but 
does not mean that it is uncommon. Indeed, if we continue to search for this auscultat 
sign in patients with hypertensive heart failure during the later phase of their illness, we s 
often find it. The sound was heard best over the displaced apex beat near the anterior ax 
and although more distinct in the reclining posture it was also audible in the upright posit: 
On cardioscopy these patients showed enlargement of the right auricle and ventricle, as \ 
as the distension of the left ventricle and hilar congestion that constitute the earlier chan 
in hypertensive heart failure (Fig. 15). 

Indicating, as I believe it does in hypertension, failure of the right heart as well as the | 
this form of triple rhythm (Fig. 16) is a valuable sign. Of the fourth heart sound in hy; 
tension it has been said that it is the cry of the heart for help (Obrastzow, 1905): if this metap 
is acceptable then we should recognize in the third heart sound in hypertension a m 
desperate appeal for assistance. 
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Left Oblique 


Anterior Right Oblique 


Fi Triple rhythm, Type Ib, in a man aged 60, with hypertensive heart failure. Teleradiogram in 
erior and oblique views show enlargement of right heart in addition to left ventricle, providing ev idence 
viventricular failure. 

The Third Heart Sound in Thyroid Toxemia 


ple rhythm due to the presence of the third heart sound was audible in the mitral area 


in reclining and erect posture in 8 patients with toxic goitre. In all, tachycardia was 
moderate and was not regarded as a contributory factor. Hypertension was present in 2 
of them. On cardioscopy some degree of cardiac enlargement and prominence of the 
pulmonary artery was present in 7: in | case there was enlargement of the left ventricle. As 
a rule then, when this form of triple rhythm was found in thyroid toxemia, the heart on 


cardioscopy showed changes described by Parkinson and Cookson (1931). The special 
form characteristic of the goitre heart is based upon a combination of prominence of the 
pulmonary are, the right heart, and the left ventricle. These changes are shown in a radio- 
gram from a patient in this series exhibiting this type of triple rhythm (Fig. 13). No cardiac 
enlargement was found in a control series of cases with thyroid toxemia who showed dual 
rhythm. 


The Third Heart Sound in Congenital Heart Disease 


| have never met with this form of triple rhythm in patients with congenital heart disease 
in the absence of right-sided cardiac enlargement. On the other hand, it has been absent in 
some cases showing considerable enlargement. The relationship between the actual con- 
genital lesion, the size of the separate cavities of the heart, and the presence or absence of 
triple rhythm is being studied. In the meantime it may be said that triple rhythm, Type Ib, 
is only found in subjects with congenital heart disease that has caused enlargement of the right 
side of the heart. 


The Third Heart Sound in Emphysema 
Clinical signs of cardiovascular changes are reported to be uncommon in emphysema. 
Parkinson and Hoyle (1937) said that simple clinical evidence that the heart was involved by 
the lung affection was usually wanting. Heart failure, although carefully sought with the 
aid of radioscopy in their series, was not common, and when it occurred it was a late event 
and almost invariably terminal. 
have looked for triple rhythm in patients with long standing emphysema and only dis- 
covered it in 5 (Fig. 17): in each case breathlessness from emphysema had been present for 
many years, but more recently heart failure with normal rhythm had set in, and with hepatic 
dis'onsion, ascites, and oedema in 3 of them. On auscultation in the mitral area triple rhythm, 
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Type Ib, was found, and the supernumerary sound was heard in the erect as well as ir the 
reclining posture. Cardioscopy in these 5 patients showed cardiac enlargement and »ul- 
monary congestion; the enlargement involved the right heart and pulmonary artery, and i ere 
was slight distension of the left ventricle although none had hypertension. The pulmo ary 


artery index was 7:2, 8-0, 8-0, 8-2, and 9-5 in these five patients compared with an averace of 


6:2 in a control series of ten patients who had much emphysema without heart failure ind 
presented a dual heart rhythm. In 80 patients with emphysema examined radiological! by 
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Fic. 16.—Triple rhythm, Type Ib, in a man, Fic. 17.—Triple rhythm, Type Ib, in a man, aged 5s 
aged 71, with hypertensive heart failure. with heart failure from emphysema. 


Parkinson and Hoyle (1937), slight or moderate enlargement of the right auricle was present 
in 11, of the conus of the right ventricle in 33, and of the pulmonary artery in 22; a similar 
degree of enlargement of the right ventricle showed in 14 cases, but great enlargement was 
only met with in 4 patients, 3 of whom had heart failure. 

Clinical and radiological examination of patients with emphysema permits me to say that 
triple rhythm, Type Ib, in these cases signifies prominent enlargement of the right heart and 
heart failure, and that it connotes the changes shown in Fig. 18. These changes were absent 
in patients with emphysema in whom a dual heart rhythm was heard (Fig. 19). This auscul- 





Fic. 18.—Triple rhythm, Type Ib, in a man, aged 53, Fic 19.—Dual rhythm in a woman, aged 42, © ith 
with heart failure from emphysema. Teleradio- emphysema and bronchitis and without rt 
gram shows considerable cardiac enlargement failure. Teleradiogram shows no car .iac 
and pulmonary congestion; pulmonary artery is enlargement and a P.A. index is 6:3. 


distended with a P.A. index of 9-5. 
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tatory finding of triple rhythm in emphysema is, therefore, a sign of prognostic significance 
for it signifies that any patient presenting it is unlikely to survive many months. Four patients 
reported here died within five months of finding this form of triple rhythm, and the other is 
precariously ill. The same triple rhythm has since been found in patients with pulmonary 
embolism and pulmonary hypertension. 

\ triple rhythm was found in 5 patients with constricting pericarditis but it was absent in 
13 cchers. As the cases showing triple rhythm were young subjects, a further study of this 
grou» is being made to try to discover any factor which might determine the presence of the 
third heart sound. 


Type II1.—ADDITION OF THE FOURTH HEART SOUND 

| ple rhythm caused by an added sound in late diastole is not less important in diagnosis 
and » ognosis than triple rhythm resulting from an extra sound in early diastole. Since the 
adve: itious sound in this form occupies a place that is later than the point at which the third 
sour occurs it may be called the fourth sound, and it immediately precedes the first heart 
soun’. Actually it occurs during auricular systole so that it only precedes the ventricular 
moiety of the first heart sound (Fig. 1). As in the case of triple rhythm of Type I, so also in 
this \ariety designated Type II, there are two classes; in the first the supernumerary sound is 
produced by auricular systole and appears only when auriculo-ventricular conduction is 
delayed; in the second, although the sound is produced in or by the left ventricle affected by 
failure, regulated contraction of the auricle is again necessary for its production, and it is 
never heard in auricular fibrillation. Among 60 patients with triple rhythm due to the 
presence of the fourth heart sound, 14 belonged to the first group and 46 to the second. 
These two varieties will now be described. 


Type I]la.—THE FOURTH HEART SOUND IN DELAYED A-V CONDUCTION 

\ sound produced by auricular systole is easily recorded, but the circumstances deciding 
its audibility are not altogether understood. In sound tracings from 16 healthy schoolboys, 
Bridgman (1914) recorded a presystolic sound in 11 of them. Since it was represented by a 
wave that usually showed displacement in only one direction, he concluded that it was subject 
to marked damping at the source. The wave occurred 0-02 sec. after the beginning of the 
auricular wave of the apex cardiogram, 0-07 sec. before the beginning of the first sound, and 
lasted 0-04 sec. Bridgman suggested that the sound was produced by tension of the ven- 
tricular walls caused by the onset of auricular contraction, and that there was a possible 
relationship between this sound and presystolic gallop. Lewis (1915) explained that the 
auricular sounds were not heard in the normal heart because the auricular and ventricular 
systoles occurred too close together. He also said that when contraction of the auricle was 
audible in certain cases of heart block, the human ear could sometimes detect a double sound 
and that sound records illustrated its dual nature. Reid (1921) also observed two components 
in the auricular sound itself where the second promptly followed the first and the vibrations 
of the second filled the interval of 0-05 sec. before the onset of the sound due to ventricular 
systole. After introducing a sound recording device into the esophagus in 50 normal sub- 
jects, Taquini and Braun-Menendez (1935) were able to see the auricular sound clearly in 
every tracing. In 100 healthy students Braun-Menendez and Orias (1934) recorded the auri- 
cular sound on the surface of the chest in 20, while Caeiro and Orias (1937) using a more 
sensitive device recorded auricular vibration in 17 out of 20 healthy young adults. Braun- 
Menendez (1938) said that although it was difficult to recognize the auricular sound by 
auscultation this did not mean that it was inaudible; the impression gained by auscultation 
Was that of an impurity of the first sound, or when the auricular sound was louder, a splitting 
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of the first sound. 
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In the interpretation of sound records taken simultaneously with the electrocardiogr. it 
is an accepted fact that the first sound is never recorded earlier than the R wave. Any so ind 
wave visible immediately in front of the R wave must be the direct or indirect result of auric lar 
contraction. In 32 sound records from cases in which a clear first sound was elicited on cli: ical 
auscultation, an auricular sound was recorded graphically in 30. In 20 of these the sc und 
commenced at the end of the P wave in the electrocardiogram and just after in 4, but in 6 it 
started earlier and coincided with the descending limb of P. In some instances of isoi ted 
auricular contraction as in complete heart block the auricular sound also commenced arly 
and once coincided with the summit of the P wave when it showed two separate grou).s of 
vibrations which were appreciated by clinical auscultation, giving to the auricular sound a Jual 
character (Fig. 20 and 21). Since the supernumerary sound in delayed auriculo-ventricular 
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Fic. 20.—Auricular sounds recorded in complete heart block. Auricular} wave immediately following the 
first heart sound (a) is suppressed. 


conduction shows the same time relationship to the P wave as the auricular sound in records 
from subjects with dual rhythm, the sound is clearly caused by auricular contraction: it was 
never heard or recorded in auricular fibrillation. As in patients with complete heart block 
so also in subjects showing delayed A-V conduction the auricular sound is not always audible. 
In children and young adults the auricular sound was heard whenever the P—R interval in 
the electrocardiogram was prolonged, but not so in older subjects in whom it was often 
inaudible. 

In the 14 subjects in this series where triple rhythm resulted from delayed A-V conduction 
(Fig. 22), the P-R interval measured from 0-20 to 0-33 with an average of 0-25 sec. Six of 
them were considered healthy after an examination that included cardioscopy, and the 
remaining 8 showed disease, this including mitral stenosis, coronary atheroma, and bundle 
branch block. Although a prolonged P-R interval was found in 7 patients presenting 
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Fic. 21.—Isolated auricular sound in com- FiG. 22.—Triple rhythm, Type Ha, in a woman, ag: | 25, 
plete heart block showing early and late who showed no evidence of heart aisease apar) om 
components; commencement coincides delayed auriculo-ventricular conduction. 


with summit of P wave. Tracings froma 
man, aged 60, with Stokes-Adams attacks. 
Auricular sound occasionally audible. 
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TRIPLE HEART RHYTHM 221 
a fourth heart sound in left ventricular failure, it was not here regarded as having by itself 
initiated the supernumerary sound. Besides, the area over which the sound was heard was 
characteristic of the form of triple rhythm found in failure (Type IIb). Triple rhythm 
(Type Ila) was best heard a little internal to the mitral area and for a little distance around 
(Fig. +). Although best heard with the subject reclining, it persisted in the erect posture. 
The | 1ythm was often made more obvious by induced tachycardia. 

S.metimes four sounds could be heard in each cardiac cycle and the circumstances favour- 
ing t..is quadruple rhythm were found in the association of a delayed A-V conduction with a 












































Fic. 23.—Quadruple rhythm caused by presence of | Fic. 24.—Quadruple rhythm caused by presence of 


fourth heart sound in delayed auriculo-ventri- fourth heart sound in delayed A-V conduction, 
cular conduction, and third heart sound in mitral and third heart sound in hypertensive failure, 
stenosis, from a girl, aged 19. from a man, aged 44. 


physiological third heart sound, or with a third heart sound in mitral stenosis (Fig. 23) or in 
prolonged hypertension (Fig. 24). 


Type Ilb.—THE FOURTH HEART SOUND IN LEFT VENTRICULAR FAILURE 

For more than half a century this form of triple rhythm has been a physical sign familiar 
to many clinicians. There has been almost general agreement on its significance in diagnosis 
and in prognosis, and fair agreement on the mechanism of its production. Whenever opinion 
has been confused about its recognition it has usually meant that other varieties of triple 
rhythm have been included erroneously in this group rather than that a patient with this 
sound has been wrongly allocated to another group. Indeed, when a triple rhythm is alluded 
to as “ gallop ” without specific reference to its kind, it is understood as a rule to imply the 
type that is now to be described. 

\mong 60 patients with triple rhythm due to the presence of the fourth heart sound, left 
ventricular failure was the cause in 46, and the characteristics of this form have been determined 
from a clinical and graphic study of them. Hypertension had caused left ventricular failure 
in 41, and aortic incompetence, in 5. There were no cases of aortic stenosis. 


The Fourth Heart Sound in Hypertension 


\s to the mechanism of this type of triple rhythm it is clear that two conditions are necessary 
for its production—left ventricular failure and a normally contracting auricle. Raised 
diastolic tension within the ventricle and increased intra-auricular pressure were mentioned by 
Mond and Oppenheimer (1929) as the cause of the supernumerary sound. Duchosal (1932 
Wrote that it was generally admitted that hypotonicity of the failing myocardium caused the 
ventricle to dilate suddenly and audibly under the influence of the auricular blood wave, so 
that auricular contraction on the one hand and ventricular hypotonicity on the other, were the 
two principal factors in the production of gallop rhythm. From his study of phonocardio- 
grams Duchosal maintained that hypotonicity of the ventricle, which regulated the production 
and quality of the sound, could not by itself explain all the phenomena connected with gallop 
thy:hm, and that it was necessary to consider the variation in the force and volume of the 
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auricular wave judged by changes in the interval between the P wave of the electrocardio: ram 
and the supernumerary sound (the P-G interval). Since the sound appeared to come fror. the 
shock of the auricular blood wave on a hypotonic ventricle, he described it as auricular ga ‘op, 


but Wolferth and Margolies (1933) considered the term misleading because there was no }-oof 


that the sound originated in the auricle. 

Clinical features. The average age was 55 and only 3 were under the age of 40; this a rees 
with Bramwell’s (1935) finding of 8 under 40 among 62 patients. Dyspnoea was alway the 
outstanding symptom and in 30 this included cardiac asthma. (Edema of the ankle: was 
found in 5 patients only and crepitations in the lungs or pleural effusion were present ii: less 
than half. In 38 the diastolic blood pressure was above 100, and the systolic was above 
200 except in 6. In 3 patients a low blood pressure reading was ascribed to cardiac infarction, 
The cardiogram was usually abnormal and characteristic of hypertensive heart disease ii that 
it showed left axis deviation, inversion of the T wave in lead I, and sometimes bundle branch 
block. Enlargement of the left ventricle, and sometimes of the other chambers in varying 
degree, was seen on cardioscopy. Pulmonary congestion, best seen at the hila, was also present 
in varying degree. 

The supernumerary sound. The sound had a duller quality than the first heart sound which 
succeeded it. The interval separating the two sounds was brief, yet it was sometimes better 
appreciated by clinical auscultation than in the phonocardiogram where the sounds were often 
almost conjoined. It was usually heard along a line running from the displaced apex beat 
near the anterior axilla to the left border of the ziphisternum and was most intense at these 
two stations (Fig. 4). Thus among 41 patients it was heard at both places in 28, but better at 
the ziphisternum in 17 and at the apex in 11: in 8 it was heard at the apex only and in 5 at the 
xiphisternum only. I found no constant changes in the cardiac outline to correspond with 
the site of maximum intensity of the sound. These findings differ from those of Wolferth 
and Margolies (1933) who stated that in most cases the gallop sound was heard best in the 
neighbourhood of the apex impulse and only occasionally over or just to the left of the lower 
end of the sternum. They also said that such right-sided gallop occurred with dilatation of 
the right side of the heart and tricuspid insufficiency. The characteristic dual impulse 
associated with this type of triple rhythm was felt in most cases and was invariably present 
whenever the supernumerary sound was heard well. This was best appreciated by placing 
the naked ear to the chest when the impulse could be felt and the sound heard at the same 
time. As with other forms of triple rhythm this sound was better heard with the patient 
in the reclining position although it persisted in the erect. French writers have written on 
the association of tachycardia with this type of triple rhythm, and Bramwell (1935) has 
emphasized it as a constant finding. Naturally, tachycardia is common in patients with 
hypertensive heart failure, but I found this rhythm in five patients with a normal heart rate, 
and failed to produce it in seven with hypertension and heart failure by inducing tachy- 
cardia by exercise or ingestion of trinitrin (1/50 grain). None the less, whenever the triple 


rhythm is heard faintly, tachycardia usually accentuates it, and this accentuation is sometimes 


due to the superimposing of the third on the fourth heart sound, the summation gallop of 


Wolferth and Margolies (1933), as a result of shortening of the diastolic period (Fig. 25). 
Lewis in 1915 spoke of the effects of auricular fibrillation on this type of gallop rhythm. He 
said that if the rhythm was the result of a sudden rush of blood into the ventricle at the | me 
of auricular systole one would not expect to meet with it in cases of fibrillation, and he 1ad 
never found it. 

The sound record. That the interval between the fourth and first heart sounds in this {>rm 
of triple rhythm may often be better appreciated on clinical auscultation than in a sound 
record, has already been mentioned. The clear presentation of this triple rhythm app-ars 
to depend more on the intensity of the fourth heart sound and less on the length of the inte. val 
between the fourth and first sounds, although this plays a part whenever it is obviousl) 
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Fic _—Triple rhythm, Type IIb (shown in A), changed to dual rhythm with splitting of first sound (shown in 
in a man, aged 69, with hypertensive heart failure, after treatment with rest and mercurial diuretics. 
e slower heart rate has caused separation of the third and fourth heart sounds. Third sound recorded 
not audible. 
lony.d. The intensity of the fourth sound probably depends on the degree of left ventricular 
failuce: it is certainly increased by the frequent coincidence of the third sound which reinforces 
it. uchosal (1932) has stressed the importance of the duration of the interval between the 
P wave in the electrocardiogram and the gallop sound in the sound record (the P—G interval). 
In connection with it he formulated two laws. The first law was that the P-G interval was an 
index of the seriousness of the affection; if the P-G was less than 0-05 sec. the prognosis was 
bad, but if greater the outlook was better. The second law was that the P-G interval varied 
in proportion to the improvement or aggravation of the case during the course of the illness. 
In cases presenting this triple rhythm, I have not found the start of the auricular sound in the 
phonocardiogram any nearer to the P wave of the electrocardiogram than in healthy subjects; 
it usually started at the end of the P wave as in the normal. Often when the start of the 
auricular sound wave appeared to coincide with the descending limb of the P wave or even 
with its summit—and such examples were common—it was found that the first part of the 
sound wave was the third heart sound which was continued into the fourth. When tachy- 
cardia subsided the third sound separated from the auricular sound which began at the end 
of the Pwave. Although this summation effect of the third and fourth heart sounds is common 
in patients with left ventricular failure and tachycardia, I believe that the audibility of this 
type of triple rhythm depends a little on the summation effect but much more on the accentua- 
tion of the supernumerary sound itself from the ventricular failure. 


The Fourth Heart sound in Aortic Incompetence 

There were 5 examples of this, and left ventricular failure with normal heart rhythm was 
common to all of them. Hypertension was present in four and in one this was the result of 
coarctation of the aorta. Hypertension was absent in one case where the aortic leak developed 
quickly from bacterial endocarditis. With the progress of cardiac enlargement and failure 
in this patient, dual rhythm gave way to triple rhythm (Fig. 26). The clinical and graphic 
character of this supernumerary sound did not differ from that in hypertensive heart failure. 
It is likely that the fourth heart sound occurs as well in aortic stenosis and heart failure, but 
I have not yet met with a case. 


Iwo conditions in particular have to be described in connection with triple rhythm, 
Type Il: they are splitting of the first heart sound due to an accentuated but not displaced 
auricular sound, and splitting of the first sound in bundle branch block. 


Splitting of the First Heart Sound 
\ splitting of the first sound results from a separation of its two natural sound components, 
the auricular and the ventricular. Although the designation of duplication may well convey 
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Fic. 25.—Triple rhythm, Type IIb, in a man, aged 62, with heart failure from aortic incompetence 


the impression gained by clinical auscultation, the term is a misnomer since the combiied 
sound is never in fact repeated as a whole, but it often divides. It has been known for ycars 
that a “* double first sound ”’, i.e. splitting of the first sound, was found in healthy subjects as 
well as in patients with heart disease. By itself this auscultatory finding has no special 
significance, except in bundle branch block which is to be considered separately, for it is only 
an exaggeration of the separation (and often in health) of these two constituent groups of 
vibrations. Cossio and Braun-Menendez (1935) found that in many cases where a diagnosis 
of splitting of the first sound had been made on clinical auscultation, the real cause of the 
auscultatory impression was the presence of an auricular sound. The frequency with which 
the auricular sound can be recorded phonocardiographically has already been mentioned, 
and it was found commonly in cases which showed neither splitting of the first sound nor the 
presence of a fourth heart sound. Usually only the second part of the auricular sound was 
evident and this was fused with the ventricular component of the first heart sound. A delay 
in auriculo-ventricular conduction (prolonged P-R interval), or bundle branch block, can 
each determine a splitting of the first sound, but a third variety of splitting is often heard in 
health and in the presence of a normal electrocardiogram, and the recognition of this is of 
great importance in clinical diagnosis. For this reason it is to be the subject of further 
cardiographic investigation. 


Triple Rhythm in Bundle Branch Block 

Lewis (1912 4) recorded the heart sounds in 4 patients with bundle branch block in whom 
a “* duplication ” of the first heart sound was heard on clinical auscultation. He said that the 
two sound elements could be dissimilar, in which case the first element was of smaller amplitude 
than the second and different from it in character. The first part commenced before, though 
the greater part of it coincided with, the ventricular complex. The second stood in much ‘he 
same position as the normal first sound, but as a rule a little later, coming either 0-05 to 0.7 
sec. after the opening of the electric deflections of the ventricle. The first element ».a 
properly speaking presystolic and occurred in part at least coincidentally with the auricu.ar 
contraction; from its time relations it was clearly independent of ventricular systole. Levis 
concluded that the double sound was not due to asynchronous action of the two ventric es 
resulting from the abnormal path taken by the contraction wave and leading to asynchron: us 
closure of the valves. The P-R interval was prolonged in each of the two records that ic 
published. From a clinical investigation of 41 cases of bundle branch block, Hill (1° |) 
concluded that a duplicated mitral first sound was of little diagnostic value, because it occur °d 
in cases other than bundle branch block and disappeared even while the block persis 
Campbell and Suzman (1932) reported an interesting case in which triple rhythm and bu: 
branch block disappeared simultaneously. 
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findings in 395 cases of bundle branch block; they said that diagnosis could only be made 
with certainty by the electrocardiograph. J. K. Lewis (1934) took sound records in 20 patients 
wit bundle branch block; presystolic gallop was present in 9 and in 3 of these a presystolic 
impulse was felt; in 5 a duplicated first sound was heard. He came to the conclusion that the 
presence of triple rhythm in bundle branch block could be accounted for by the fact that both 
cor.itions occurred in the same general type of heart disease and under the same circum- 
star.ces, and it was not related to the bundle branch block itself nor to asynchronism of the 
ve icles. 

. triple rhythm was sought in 30 patients in whom a bundle branch block was shown in 
the -lectrocardiogram and it was found in 13. In 6 of these the triple rhythm was caused by 
the .ppearance of the fourth heart sound in delayed auriculo-ventricular conduction (Type Ila), 
and in the other 7 by the fourth heart sound in left ventricular failure (Type IIb). In only 2 of 
the emaining 17 cases with dual rhythm was the first sound clear in the mitral area; in 15 
thei: was either a roughish systolic murmur with slurring of the sound sometimes simulating 
a p esystolic murmur, or a splitting of the first sound. The relationship between a delayed 
au: ulo-ventricular conduction time as shown bya prolonged P-R interval, and the incidence 
of tiple rhythm in bundle branch block, was specially examined. A delay was present in 
14 out not in the remaining 16. Out of the 14 cases with a P-R interval longer than 0-22 sec., 
11 chowed triple rhythm and 3 had dual rhythm. Among the 16 cases in which the P-R 
interval was less than 0-2 sec. there were 14 with dual rhythm. The remaining 2 showed 
tripie rhythm (Type IIb) from left ventricular failure. These findings are summarized in 
Table V. 

TABLE \ 


AUSCULTATORY FINDINGS IN 30 PATIENTS WITH BUNDLE BRANCH BLOCK 


Sado 0 os >. ‘ae 
Incidence of triple rhvthm ~_ 
15—Rough systolic murmur; slurred 

first sound; splitting of first sound 
6—Type Ila 
7—Type IIb 


Dual rhythm in 17 
Triple rhythm in 13 .. 


Triple rhythm in relation to A-V period 
. 3—Dual rhythm 

ve. D.. po lg ~ 
Prolonged P-R in 14 11—Triple rhythm 
er . 14—Dual rhythm 
Normal P-R in 16 .. is 2—Triple rhythm (Type IIb) 


6—Type lla 
5—Type IIb 


The ventricular part of the first sound in the phonocardiogram of bundle branch block 
appears in relation to an S wave that is delayed because of a lengthening of the R-S interval. 
When this is considered alongside the fact that the P-R interval is also full and often prolonged 
in this condition, it is not difficult to understand why splitting of the first sound is common in 
patients presenting bundle branch block (Fig. 27). 

Thus in the series reported here a pure first heart sound was uncommon (only 2 out of 30). 
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Fi. 27.—Spitting of first heart sound in bundle branch block in aman, aged 62. Auricular part of first heart 
sound is accentuated and ventricular part commences opposite delayed S wave of electrocardiogram. 














226 WILLIAM EVANS 


In half the cases the sound was either obscured by a murmur or showed splitting. Triple 
rhythm in bundle branch block was never present unless there was delay in A-V conduction 5>r 
left ventricular failure, and often both conditions existed together. It is because of ¢ js 
separation of the auricular and ventricular components of the first heart sound in bun:'le 
branch block that the condition may be referred to as one of “ potential triple rhythm.” 1 e 
ease with which this rhythm becomes established either by a further slight increase in the P-R 
interval or at the first sign of left ventricular failure, is dependent on the already lengthen d 
P-S interval which characterises bundle branch block. 


Type IIl.—AN ExtTRA HEART SOUND IN LATE SYSTOLE 

Under the title systolic gallop, Johnston (1938) reported 21 patients in whom the systouic 
position of the supernumerary sound was shown in phonocardiograms. He pointed out tat 
it usually happened in healthy hearts and that its importance lay in the fact that it was sonie- 
times mistaken for a diastolic gallop. Laubry (1930) defined gallop rhythm as the result of 
the interposition of a third independent sound between the two heart sounds; it might occur 
during the short silence (systolic gallop) which was rare, or during the long silence (diastolic 
gallop) which was common and the only form which needed study. Among my 270 cases of 
triple rhythm there were 5 in which the supernumerary sound was situated in the systolic 
period. In all five a correct clinical interpretation was made before undertaking the phono- 
cardiographic test which confirmed it (Fig. 28). Although casual auscultation may regard 
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Fic. 28.—Triple rhythm, Type III, ina healthy man, aged 37. Added sounds are recorded in late systole and 
precede the second sound. 

this as triple rhythm (Type I) a more careful examination will localize the supernumerary 
sound in front of and not after the second heart sound. It is possible to recognize the second 
of the three heart sounds as the supernumerary sound by paying attention to its character 
as well as its timing. Thus it can be made out that it is dull or muffled or like a click, com- 
pared with the clear second heart sound which immediately follows it. These characteristics 
were more readily appreciated when the stethoscope was moved away a little distance from 
the point of maximum intensity in the mitral area. In none of the five patients was there 
heart disease; in one the left ventricle was slightly enlarged from moderate hypertension. 

is of interest that all five subjects had been informed after previous clinical examinations t! 
they had * heart trouble,” which shows that the importance of this innocent rhythm lies in 
recognition. 
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SUMMARY AND CONCLUSIONS 
Triple rhythm is the cadence produced by the recurrence in successive cardiac cycles 
three separate sounds. The chief purpose of this work has been to classify triple rhythm 
accord with findings on clinical, radiological, cardiographic, and sometimes pathologic «| 
examination of the heart, in patients presenting this auscultatory sign. Splitting of the first 
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sound at the apex or of the second sound at the base of the heart are not included in its scope. 
The investigation has shown the need for discarding the terminology hitherto in use for triple 
rhvihm and adopting one that is based on the clinical condition and avoids any preoccupation 
wit!) the mechanism of the extra sound. As soon as it becomes the custom to listen specifically 
for 2 sound in addition to the more familiar first and second heart sounds, triple rhythm will 
be -yund to be common, perhaps as common as dual rhythm in patients sent for examination 
of ‘xe heart. 

Vhen the position of the adventitious sound in the cardiac cycle was considered alongside 
the -linical state of the patient in 270 cases with triple rhythm, it was possible to place them in 
thrve groups. Asa rule, even under the handicap of fairly severe tachycardia, the position 
of te extra sound could be told by auscultation, aided by the clinical data, and before phono- 
car ‘iography was used for scientific support. 

1 the first group (Type 1), consisting of 205 cases, the added sound was the third heart 
sou i'd occurring in early cardiac diastole. This group comprised of 125 healthy subjects, 
anc 80 patients with right ventricular heart failure. The innocent triple rhythm (Type la) 


is C.stinguished from that due to right heart failure (Type Ib) by regarding the site of maximum 
auc ibility of the sound, the effect of posture upon the sound, and the health or disease of the 
heart. In Type Ia the sound is best heard a little internal to the normal apex in the mitral 


are.. it is usually audible only in recumbency, and it is found in young healthy persons. It is 
uncommon after 24 (20 out of 125 in this series) and after 40 it is seldom if ever heard. On 
cardioscopy some degree of prominence of the pulmonary artery is a characteristic finding— 
an association in keeping with the common incidence of this auscultatory sign in children 
where a prominence of the pulmonary arc is a recognized feature of the normal radiogram. 
In Type Ib the sound is loudest at the apex, which is displaced according to the degree of 
cardiac enlargement; it persists in the upright as well as in the recumbent posture, and it is 
associated with disease that causes right ventricular enlargement and failure, such as mitral 
stenosis, hypertension, thyroid toxemia, congenital heart disease, emphysema, pulmonary 
embolism, and pulmonary hypertension. Triple rhythm was present in half the cases of 
mitral stenosis and in four-fifths of those with auricular fibrillation. More often than not 
the third heart sound in mitral stenosis was joined with the characteristic diastolic murmur. 
When the third heart sound was present in hypertensive failure there was clinical evidence of 
failure of the right as well as of the left ventricle (biventricular failure), and cardioscopy 
showed enlargement of the right heart in addition to that of the left, and pulmonary con- 
gestion characteristic of the early phase of this failure. Patients with thyroid toxemia 
showing a third heart sound had general enlargement of the heart and a prominent pulmonary 
artery; indeed the finding of this triple rhythm in each case predicted such changes while a 
series in which there was dual rhythm were without cardiac enlargement. Not all cases of 
congenital heart disease showed the third heart sound; but, when they did, enlargement of 
the right side of the heart, although probably not the only criterion, seemed essential to its 
appearance. The few patients with heart failure from emphysema, in whom considerable 
enlargement of the heart was seen at cardioscopy, showed this triple rhythm. A series of 
cases of emphysema with dual rhythm showed slight or no cardiac enlargement and no failure, 
so that the finding of the third heart sound in emphysema implies the presence of cardiac 
enlargement and failure and predicts a serious prognosis. 

In the second group (Type II) the fourth heart sound is added during auricular systole 
and at the end of ventricular diastole. There were 60 patients with this variety of triple rhythm. 
In 14 of them it was the outcome of delayed A-V conduction (Type Ila). Not all cases whose 
P-R interval exceeds 0-2 sec. will show triple rhythm, although in young subjects, few will fail 
to present it. In 46 patients the extra sound appeared during left ventricular failure (Type IIb), 
where auricular action, although probably not the direct cause of the sound, is essential for 
its production, because it disappears with the onset of auricular fibrillation. Hypertension 
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is the usual cause of the left ventricular failure initiating this variety of triple rhythm, »ut 
occasionally it is the result of aortic incompetence. The added sound in these cases, altho: ch 
audible as a rule over the displaced apex beat, is usually best heard near the xiphisternum, | ad 
since it is accompanied by a palpable impulse, the rhythm is well appreciated by direct ausci 
tion whereby the impulse is felt and the triple rhythm is heard simultaneously. This rhy: »m 
is often annulled when failure symptoms abate after the use of mercurial diuretics, but | ter 
it may give way to triple rhythm (Type Ib) when failure of the right heart has become adc °d, 

Bundle branch block with its wide P-R and QRS periods is a potential source of t: ple 
rhythm on this account for the fourth heart sound will appear when the P—R interval lengt!cns 
further or when the left ventricle begins to fail. 

In the third, and least important group (Type III), an extra sound is added in late systole. 
It occurs in health, and almost its only importance lies in distinguishing it from the t:ird 
heart sound. Since tachycardia is usually absent, its recognition on clinical auscultatic : j 
not difficult. 

Triple rhythm is a common auscultatory sign, and it can be of great aid in the diagnosis 
of cardiovascular disorder. It should be sought specifically in every case, and when found, the 
position of the supernumerary sound in the cardiac cycle should be traced, and its significance 
determined in the light of clinical findings and in accordance with some classification such: as 
that here proposed. 


S 
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e incidence of bacterial endocarditis in rheumatic heart disease has been reported by 
vari 1s workers to be between 4 and 17 per cent, while in congenital heart disease it is between 
14a. 4 22 per cent. The condition has been regarded by most physicians as uniformly fatal, 
thou» undoubtedly some mild and a few severe cases occasionally recover as Libman (1934) 
and | amman (1937) have pointed out. By examining only reported series of cases of infective 
endocarditis treated by non-specific means, Lichtman and Bierman (1941) found that 6 out 
of 634 had undergone spontaneous cure. There are also reports of small epidemics of 
appa:ently proven cases in which the recovery rate has been high (Oille, Graham, and 
Detweiter, 1915, 1924, and Salus, 1920). Since the introduction of the sulphonamide drugs, 
there have been many reported cures and consequently a great revival of interest in the diag- 
nosis and treatment of this condition. Having observed the successful cases reported by 
Kelson and White (1939) treated with sulphapyridine and heparin, we undertook this investiga- 
tion, primarily to study the combined method of therapy with heparin and sulphonamides. 

The lesion is a focus of relatively avirulent organisms enclosed in a mass of platelets and 
fibrin on a damaged valve. In 90-95 per cent of cases, the organisms are of the Streptococcus 
viridans type. The method by which they form these foci is debated: they may be embolic 
in the damaged valve or deposited on the surface with the platelet thrombi. Von Glahn and 
Pappenheimer (1935) have suggested that the lesions are grafted on to an active rheumatic 
endocarditis in most cases. The blood of these patients contains a very high antibody titre 
against the infecting organism and this factor alone tends to localize any transient bacteremia. 
The platelet thrombi thus provide an ideal nidus for bacterial proliferation, providing as they 
do an excellent barrier from the bacteriocidal action of the blood, and situated upon a tissue 
that has the most sluggish reaction in the body, because there is minimal blood vessel and 
leucocyte invasion in the damaged valves. The infection is able to continue in the valve only 
if the deposition of fibrin exceeds the rate of invasion of leucocytes and it is upon this balance 
that the ultimate fate of the patient depends. Treatment will therefore depend upon either 
preventing the further deposition of fibrin or killing the organism by methods such as 


chemotherapy. 


HEPARIN AND CHEMOTHERAPY 


riedman, Hamburger, and Katz (1939) tried the first concept by using continuous intra- 
venous heparin to bring about a prolongation of the clotting time during a period of two weeks 
or more and so slowing the deposition of fibrin. Since their original report some 5 cases 
at leost have been treated and all have died. Kelson and White (1939) combined both con- 
cep's of treatment and reported 4 cases cured out of a total of 7 treated. This combined 
therapy has now been given to more than 70 reported cases of which 7 have survived. Such 
trec'ment, however, is not without danger. The risks of continuous intravenous therapy in 
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seriously ill patients for a period of fourteen days are considerable. The increased flu Jity 
of the blood carries with it still more dangers. Cerebral hemorrhage and cerebral en boli 
have been attributed to the prolonged clotting time, and Kleiber (1940) and Witts (1940) ‘ave 
reported renal hemorrhage. All these complications can occur without any therapy, a d it 
may be difficult to prove statistically that there is any increased risk in the use of hep ‘rin, 
In our Case 5, we considered that the patient’s death was directly due to heparin. Pri r to 
therapy his condition had been good, his clotting time had been markedly prolonge.. by 
heparin, and his temperature adequately controlled by sulphapyridine; and at autops’ the 
vegetation was small and suggested that healing was taking place: however, he died sud: enly 
of cerebral hemorrhage whilst under treatment. In most reported cases, fairly ade: uate 
prolongation of the clotting time was obtained. In four of our cases it seemed inade< uate 
in spite of using the doses of heparin recommended. Some of the preparations used appered 
to be lacking in potency (cf. Petch, 1940). It is difficult to believe, in the absence of experi- 
mental proof, that healing of the lesion could take place in the short space of two weeks, 
It is also fair comment that no case has yet been reported cured by the use of combined 
therapy in which complete control of the infection had not already been attained by chemo- 
therapy alone, so that the role of heparin becomes extremely difficult to evaluate. At present, 
opinion is against the further use of heparin as now administered because the dangers appear 
to outweigh the uncertain advantages. 


Case 1. A man, aged 22, was admitted complaining of cough, palpitation, and sweating of five 
weeks duration. On examination, he had mitral and aortic valvular disease, an enlarged spleen, 
petechiz, and red cells in the urine. The blood culture was positive for S. viridans. His temperature 
varied between 101° and 102° F. He had a moderate degree of anemia. Chemotherapy (sulphapy- 
ridine 45 g. during the first 13 days followed by 62 g. and prontosil 60 g. over the next 24 days) caused 
an immediate reduction of his temperature. On the seventh day, intravenous heparin in saline was 
given (750,000 units in 10 pints normal saline over seven days). No definite effect upon the clotting 
time was noted. He died five weeks after this and two weeks after stopping chemotherapy, in 
congestive failure. There was no autopsy. 


No adequate deductions can be made from this case. He probably died from rheumatic 
carditis with the infective process temporarily controlled by the chemotherapy. There does 
not appear to be any evidence that the heparin played any role in the maintaining of normal 
temperatures or indeed that it exerted any action at all in the dosage given. The extra fluid 
may have played some part in the subsequent congestive failure. A normal temperature 
is not infrequently seen in the terminal stages of this disease. 


Case 2. A man, aged 30, was admitted on 13/10/39 complaining of pyrexial attacks and general 
malaise following dental extraction five months previously. Examination showed a good general 
condition, clubbed fingers, and signs in the heart of a patent ductus arteriosus. Blood cultures erew 
S. viridans. The temperature varied between 97 and 101° F. After two short trials of chemotherapy 
with immediate control of the pyrexia, sulphapyridine was given for one month. Blood cultures 
became negative immediately and on the ninth day, intravenous heparin in saline (1-6 g. in 23 pints 
of saline in 10 days) was given. Only slight prolongation of the clotting time, from 5 to 15 minutes, 
was obtained. The temperature remained normal for eight weeks apart from one episode of ©hest 
pain suggestive of a pulmonary embolus. Following a severe hemolytic streptococcal throa‘, he 
again began to run a high temperature. Prolonged chemotherapy (101 g. over five weeks) « ain 
brought about a remission. During this period the remainder of his septic teeth were extracted @ da 
number of blood cultures were negative. The patient felt well and had put on weight whilst his t »0d 
count had risen to over four million. He left hospital in May, 1940. 

Nothing further was seen of him in spite of repeated requests until he was again readmi ‘ed. 
He had worked for six months on a light job, but two months prior to admission, had had a recurrnce 
of all his previous symptoms. Examination showed the typical café-au-lait colour, splenome: ily, 
and Osler’s nodes, while the heart showed in addition to the original lesion, signs suggesting inv: ‘ve- 
ment of the aortic and the mitral valves. Blood cultures were again positive for S. viridans ind 
the pyrexia varied between 99-101° F. Chemotherapy was again started and 150 g. sulphapyr ine 
were administered over 45 days. The temperature was fairly well controlled on this regime, ‘nly 
occasional temperatures of 99-100° being observed: the white cells were not depressed in spite fa 
moderate degree of anemia (2-6 million). At first it seemed that a further remission wou! be 
induced, but after four weeks his condition began to deteriorate and chemotherapy was subseque tly 
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stopped. He was discharged home and died three days later, about two years after the onset of his 
illness. There was no autopsy. 


Here, the onset appeared to be precipitated by his dental extractions and the source 
of the infection may have been there. Sulphapyridine was probably the main factor in pro- 
ducine the good remission that he had early in his illness. Heparin had very little part and 
very |.itle effect in prolonging the clotting time. In addition to his congenital heart lesion, 
he presented symptoms and signs suggestive of active rheumatism, involving the heart and 
especiily the aortic valves. If such was the case, he was probably more liable to a flare up 
of th. infective process. We considered that this patient’s life was prolonged by the 
treatr ent. 


C. e 3. A girl, aged 19, was admitted 27/3/40, complaining of shortness of breath and swelling 
of he joints. Examination showed petechiew, a mitral systolic murmur and thrill, and an early 
diastc. ¢ murmur at the aortic area. Her temperature varied between 101 and 103° F. Blood cul- 
tures . ere positive for S. viridans. Sulphapyridine brought about an immediate reduction in her 
temp. ature and after 40 g. had been given, it was discontinued, with an immediate reversion of her 
temperature to the previous levels. One week later, chemotherapy was again instituted and again 
the temperature was controlled. After 50 g. had been given over 9 days, the white cells fell to 400. 
She rected well to blood transfusions and the fortuitous occurrence of an abscess of the buttock. 
Folloy ing her recovery, her condition remained unchanged for the next five weeks. A further 32 g. 
was given without any ill effects upon the white cells but after five days, the pyrexia reappeared. A 
further course of 16 g. had no effect at all upon the temperature. On 12/7/40, chemotherapy was again 
started in adequate doses with control of the temperature, and on the seventh day intravenous heparin 
in normal saline was given (2:25 g. in 15 pints of normal saline over 150 hours). On the third day, 
however, splenic infarction occurred, and the following day she developed signs at the left base with 
recurrence of temperature and general deterioration; heparin was accordingly stopped. Chemotherapy 
was continued for two further periods, 51 and 70 g. being given, with only slight control of the tem- 
perature. Her condition during this period deteriorated only slowly. Eventually five months after 
admission she went into coma and died, having during this time received 270 g. of sulphapyridine. 

Autopsy showed numerous infarcts in lungs, kidneys, and brain. The heart weighed 560 g. with 
extensive vegetations on the mitral, aortic, and tricuspid valves. 


Chemotherapy may have played a part in prolonging the life of this patient. Heparin 
had no effect except in the possible production of emboli. Again one failed to effect adequate 
prolongation of the clotting time with the doses of heparin that were given. Following 
agranulocytosis, further chemotherapy was not given without trepidation, but there was no 
reduction of the white cells in spite of the full doses of sulphapyridine, 182 g. in all. At 
first the organism seemed to be susceptible to the drug but eventually became resistant. The 
experience in this case made us persevere with more continuous chemotherapy. 


Case 4. Aman, aged 41. Eight months previously he had begun to run intermittent temperatures 
following a sore throat, gradually losing weight and developing malaise. He had had numerous 
small hemoptyses. For the past five months he had been continuously in bed. Examination showed 
a very ill man with signs of aortic and mitral disease, splenomegaly, clubbed fingers, and a high 
swinging temperature. Blood cultures were positive for S. viridans. Whilst in hospital, he had a 
number of attacks of paroxysmal auricular fibrillation. His temperature responded immediately to 
chemotherapy and on the sixth day intravenous heparin and saline was started (1-5 g. in 4 pints of 
normal saline over six days). No prolongation of clotting time beyond 21 minutes was obtained, 
his normal being four minutes. On this therapy he deteriorated rapidly and began to run a temperature. 
He was allowed home, still taking sulphapyridine, and died a few days later. There was no autopsy. 


This patient was already seriously ill when therapy was started and his course did not 
appear to be influenced in any way. 


Case 5. A man, aged 36, was admitted, complaining of pyrexial attacks and malaise following 
dental extraction four months previously. Examination showed a mitral systolic murmur and thrill, 
finger clubbing, petechie, and splenomegaly. Blood cultures were positive for S. viridans. His 
temperature varied between 99 and 101° F. In spite of these findings, his general condition was 
good. Sulphapyridine was started with an immediate reduction of temperature. Owing to 
nausea and vomiting, a concentration greater than 9-9 mg. per 100 c.c. was never attained, the average 
beinc about 5 mg. On the seventh day heparin in saline was given intravenously (8-25 g. in 16 pints 
Over 13 days). Satisfactory prolongation of the clotting times was achieved, up to 60 minutes. 
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There was an immediate rise of temperature with the intravenous therapy which settled again in ‘wo 
days. His blood count fell from four million to two and a half, and his condition which had been 
good began to deteriorate rather rapidly. He died suddenly from cerebral hemorrhage on the 
thirteenth day of intravenous therapy. 

Autopsy showed extensive cerebral hemorrhage with previous emboli and extensive retroperitoeal 
hemorrhage. The heart showed a small vegetation on the mitral valve less than } inch long. Micro- 
scopical section of the valve and vegetation showed much fibroblastic activity and giant cell formation, 


We considered that the death of this patient was almost directly due to heparin theripy 
and that had chemotherapy alone been employed, he would have had an excellent chanc > of 
surviving. As a consequence of the experience of this and the other cases, we were reluc: int 
to submit further patients to the combined therapy before we had made an extensive triai of 
chemotherapy alone. 


CHEMOTHERAPY ONLY 


The second aspect of therapy is that of exerting bacteriostatic or bacteriocidal influences 
upon the organisms themselves. Innumerable substances have been administered by mouth, 
subcutaneously, and intramuscularly, without any effect until the sulphonamide group of 
compounds was tried, though Osgood (1942) has recently claimed good results from a modified 
treatment with neoarsphenamine. Experimentally it is difficult to show how the sulphona- 
mides have produced these cures. Friedman (1941) has shown that sulphapyridine has little 
penetrating power into the fibrin barrier round the focus of bacteria. He reported unsuccess- 
ful results in 12 cases and concluded as a result of his experimental and clinical findings that 
chemotherapy was of no avail. Duncan and Faulkner (1941) confirmed these experimental 
findings but they showed in addition, that the sulphonamide derivatives would be included in 
the clot if they were given prior to the formation of the clot. The number of reported cures 
supports this observation and should refute Friedman’s statement and Katz (1941) belief 
that no case has ever been cured by chemotherapy. Since the bacteriocidal power of the blood 
is already adequate to deal with any organism liberated but not with the source of the 
organisms themselves, the suggestion put forward by Duncan and Faulkner that the drugs 
act by being incorporated in the clot seems to be the most logical and probable mechanism. 

Lichtman and Bierman (1941) found that 12 out of 200 reported cases of subacute infective 
endocarditis had recovered. They also pointed out that of 45 cases treated with hyperpyrexia 
in addition, 9 recovered. Such figures, though not dramatic and probably from rather selected 
series with milder cases, do offer some improvement upon the era before chemotherapy. 
Indeed, Graybiel and White (1942) suggest that it is now probable that one case in twenty 
recovers. 

During the past three years, we have observed 20 cases (including the 5 to whom hepari 
was also given) to whom the sulphonamide group of derivatives was given in adequate 
doses. Of these, 5 were totally unresponsive to either sulphathiazole, sulphapyridine, or 
sulphonamide; 12 cases were moderately controlled with temporary antipyretic effect, anc 3 
showed complete remission of the pyrexia. Case 1 received sulphonamide for 37 days 
apparently with complete control of the infection before dying of congestive failure. |\ is 
difficult, however, to draw any conclusions from this case. Case 6 was completely relic: ed 
of his symptoms but died a year after the onset of his infection, with congestive heart failure. 
Case 7 has now been apyrexial for seven months and has had a normal sedimentation rate | or 
five months. 


= 


Case 6. A man, aged 21, was admitted complaining of general malaise and high temperature 
for 13 weeks. He had had chorea when 4 and probably acute rheumatism when 18. He had been 
otherwise well and active. 

Examination showed a pale but fairly well-built man with early finger clubbing. There wes a 
systolic murmur at the apex and a marked musical diastolic murmur at the base. The tip of ‘1¢ 
spleen was just palpable. There was no petechiz. Three blood cultures were negative. An X-!.i) 
examination of the heart did not show any enlargement. 





stra 
nex! 
the: 
Th 
wa 
wit 


80) 
ren 








Wo 


int 
of 


ive 





HEPARIN AND CHEMOTHERAPY IN INFECTIVE ENDOCARDITIS 233 


or the first ten days in hospital he ran an irregular temperature to 102° F. With the admini- 
stration of sulphapyridine (6 g. daily), the temperature fell to normal on the third day. For the 
next 8 months, only on three occasions did the temperature reach 99° F. Four days after starting 
therapy, he developed pain in the left hypochondrium and the spleen became more easily palpable. 
Thi: disappeared after two days and was not felt again. After one month, the dose of sulphapyridine 
was nalved to 3 g. daily and this dosage was continued for seven months, a total of 730 g. being given 
witout any nauseating or obviously deleterious effects. 

1e sedimentation rate fell from 38 mm. per hour (Westergren) on starting therapy to 6 mm. per 
hou after six weeks and remained below this until his final illness. 

s blood count gradually rose to 4,700,000 red cells (from 4-1), to 94 per cent hemoglobin (from 
80). 2nd to 7500 white cells. His white blood cells count fell to 4900 on one occasion, but usually 
rem ined between 5500 and 6000, the polymorphs averaging 60 per cent. 
» was discharged from hospital for further convalescence 14 weeks after admission. The only 





Fic. |.—Interior of the left ventricle showing the aortic valves with two perforations, through which fibres 
have been passed. The endocardium round these perforations is well healed. The calcified vegetation 
is seen on the adjacent cusp. All three cusps show evidence of chronic rheumatic endocarditis. 


disquieting feature was mild anginal pain on exertion, and a rapid pulse rate varying between 95 and 
100. Over the next few months, he was seen regularly and it was noted that his heart was gradually 
enlarging. In spite of this, he felt well and was able to start work for a few hours daily as a laboratory 
technician. Unfortunately at the end of his first week he developed a severe cold and sore throat. 
Two weeks later he was readmitted with congestive failure, marked jaundice, and signs of consolidation 
at both bases. He died three days after admission. 

Autopsy. Pleural cavities, a large amount of straw-coloured fluid. Lungs, both congested and 
edematous with diffuse bilateral bronchopneumonia. Heart, enlarged and dilated, weighing 590 g. 
Left auricle, normal; left ventricle hypertrophied and dilated, with incompetence of the mitral valve 
and some thickening and shortening of the chord tendine. Aortic valve (Fig. 1) incompetent, the 
edges thickened. On edge of right cusp a pedunculated and calcified vegetation. Left cusp, two small 
perforations with healthy endocardium round them. Right ventricle, dilated and hypertrophied; 
right auricle, normal. Liver, congested. No evidence of perisplenitis or old infarcts in the spleen. 
Kidneys, a few typical healed scars of old infarcts. 

Microscopical examination. Heart muscle showed considerable interstitial fibrosis. No Aschoff’s 
bodies were seen. Sections through the calcified vegetation showed complete covering with endo- 
cardium (Fig. 2 and 3) with no evidence of any bacteria or inflammatory reaction. Sections through 
the two perforations of the valves also confirmed the diagnosis of healed infective endocarditis. 
Sections of the lungs showed diffuse bronchopneumonia with polymorphonuclear infiltration. The 
kidneys appeared to be normal except for the signs of congestion. 
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Fic. 2.—({A) Section through the central cusp passing through the edge of the two perforations. Magnification 


«11-7. (B) Section through the base of the calcified vegetation and the valve cusp, showing the extensive 
calcification. Magnification x 10-8. ; 
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Fic. 3.—Section as in (B) showing the tip under high power. A number of foreign body giant cells can be se-n 
round the edge of the calcification. There is a good endocardial covering and no evidence of any po'y- 
morphonuclear or lymphocytic infiltration in the extensive fibrous tissue. Magnification x 100. 
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This patient was able to take over 700 g. of sulphapyridine during seven months of therapy, 
showing no obvious deleterious effect and maintaining a good appetite the whole of the time. 
Exaniination of the sections of the heart valves showed that he had indeed been cured, but that 
the camage wrought upon the aortic valve had thrown too great a strain upon the myocardium 
and caused his death. This possibility is always present, so that even though the infection is 
cur:d, the residual lesion may be sufficient to kill the patient or cause him to be a permanent 
invalid. There are, however, an adequate number of reported cured cases who are earning 
thei ‘iving, enough to indicate that the majority do attain a fair degree of recovery. There 
wa. 10 evidence of myocarditis in the sections such as has been reported by French and 
We! >r (1942) following the use of the sulphonamide drugs. 


© se 7. A milk-roundsman, aged 29, was admitted to hospital, complaining of pain in the left 
side -ndin the back of two weeks’ duration. He had had rheumatic fever at the age of 18 for fifteen 
week. since followed by intermittent pains and swelling of his joints. Over the previous ten months 
he |:.d noticed some shortness of breath and lassitude, insufficient, however, to keep him from his 
wo Ten weeks prior to admission, he had severe pain in his back for four days. Four weeks 
later. he had a severe cold and sore throat. Following this, he had severe soaking night sweats and 
beg..: to feel really ill. Two weeks prior to admission, he again developed pain in the back and left 
loin hich persisted until admission. 

,amination showed a fairly well built man with a slight café-au-lait coloration, marked finger 
clubbing, and slight clubbing of the toes. There were no nodules or petechiz. His teeth were grossly 
infected and carious. The heart was not enlarged. The mitral first sound was accentuated with a 
loud rough systolic murmur and thrill and soft mid-diastolic murmur. The sounds at the aortic 
area were normal. His blood pressure was 120/85. The spleen was just palpable. The urine 
contained a cloud of albumen, fatty and hyaline casts, and occasional red cells. His blood count was 
red cells 4,320,000 hemoglobin 78 per cent and white cells 9150 with 75 per cent polymorphonuclears. 
The blood cultures showed 12 and 5 colonies per c.c. of S. viridans. His sedimentation rate was 
81 mm. per hour (Westergren method). His temperature varied between 98° and 102° F. On com- 
mencing sulphapyridine (6 g. daily}, his temperature fell to 99° F. As a normal temperature had 
not been produced in nine days, three injections of intravenous T.A.B. vaccine was given on alternate 
days. Following a moderately good reaction, his temperature became normal and has remained 
normal since except for three further T.A.B. injections given six weeks later. Slight nausea but no 
vomiting was produced by the sulphapyridine during the first five days, but thereafter he was able 
to take the drugs without any discomfort. After ten days, the dosage was reduced to 4 g. daily and 
on this dosage he maintained a blood stream concentration of sulphapyridine varying between 14 
and 21 mg. per 100 c.c. His white cells never fell below 8500, his average count being 10,000 with 
55 per cent polymorphs. His septic teeth were extracted in the sixth week of therapy and he was 
allowed to sit out of bed at the end of the ninth week. At this stage his pulse varied between 90 and 
100 beats per minute while his sedimentation rate had dropped to 6 mm. per hour. 

He was finally discharged at the end of his fourteenth week of therapy to a convalescent home, 
having put on two stone in weight whilst in hospital. Sulphapyridine was continued with two grams 
daily for a further four weeks. In all he took 400 g. of sulphapyridine without any ill effects. At 
present, he looks extremely fit, has some dyspnoea on moderate exertion, but is without any signs of 
bacterial endocarditis and his sedimentation rate is normal. 


This patient appears to have attained a complete remission from his infection. He is 
still limited in his activities by his mitral stenosis. The consistently high blood levels of sul- 
phapyridine may have played some part in his recovery. It was also of interest to note that 
his temperature only fell to normal after intravenous T.A.B. vaccine as advocated by Soloman 
(1941). We are not, however, inclined to attribute any definite role to this treatment as a 
factor in his recovery. At no time during chemotherapy did we experience any anxiety 
about the effect upon the white cells or kidneys. 


Of the twelve cases that made some response to chemotherapy, all eventually became 
resistant and died. None of them took the drugs without showing much nausea, necessitating 
discontinuance of therapy in some cases even though there seemed to be some control of the 
infection. These toxic manifestations are the chief difficulty in the treatment and frequently 
prevent adequate concentration of the drug in the blood stream. One of these cases received 
sulphapyridine, sulphadiazine, and sulphathiazole in succession, 340 g. in all over nine weeks 
 hout a successful result although the temperature was fairly well controlled. There was, 
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however, much nausea and intolerance to the drugs and concentration above 6 mg. per 0 
c.c. was not attained. In such cases, even if there is not complete control of the infection, | js 
felt that prolonged therapy is justified in view of the experience reported by Heyman (1! 10) 
in which some weeks elapsed before the patient became afebrile and eventually obtai 
complete cure. 

Agranulocytosis was encountered once (Case 2) but this responded well to the upy. 
Subsequent chemotherapy was controlled by white cell counts on alternate days, the leucc_ yt 
remaining consistently between 7000 and 10,000. Only a few cases of agranulocytosis “ave 
been reported, e.g. Leach eft al. (1941) and Rinkoff and Spring (1941). Smith, Sauls. and 
Stone (1942) gave 894 g. of sulphanilamide in 73 days of continuous therapy to one of -heir 
patients who had been fit and well at the time of the report for 29 months. Thomas (. )42) 
in considering the dangers of agranulocytosis in prolonged therapy in the prophylax:s of 
rheumatic fever, pointed out that in no instance had any toxic effects been seen after the ‘irst 
few weeks of treatment and that agranulocytosis had never been observed after the fi!icth 
day of chemotherapy given for any condition. We agree that the risks of chemotherapy 
are slight and in view of the seriousness of the disease being treated, that they may be neglected 
though routine weekly counts should be made. 

In an effort to minimize the nauseating effect of the drugs, they have been administered 
in a mixture containing sulphapyridine or its equivalent 1 g., citric acid $ g., nicotinic acid 
25 mg., mucilage q.s., aq. menth. pip. ad. 4 oz. For the first few weeks of therapy, this was 
always given with food or milk. Ascorbic acid 300 mg. daily was also given in some cases 
including Cases 6 and 7, primarily to counteract the deficiency induced by any prolonged 
infection. Recently, however, Thompson (1942) has shown that ascorbic acid under experi- 
mental conditions markedly diminishes the toxic effects of sulphapyridine probably through 
its oxidizing properties. Vitamin A, 5000 units, and Vitamin D, 1000 units, were also 
administered daily to most patients. 

The persistence of a slight temperature in some cases may well be due to the presence of 
active rheumatic fever. It is important therefore that prolonged rest in bed should be employed 
in any case where it seems likely that cure is probable, in order to allow the heart to recover 
as fully as possible from the serious infection to which it has been subjected. Even so, as we 
have pointed out above, the case may proceed to a fatal termination as in Kelson and White's 
Case | and our Case 6. Occasionally, as Jones and Bland (1939) have pointed out, the sul- 
phonamide drugs may cause a fatal relapse in rheumatic myocarditis. The temperature may 
also be due partly to the drug itself. In one of our cases which eventually died and in Case 4 
of Leach et al. this appeared to be so. 

The evaluation of any therapy in infective endocarditis is made difficult by the uncertai: ties 
of diagnosis. In a patient with pyrexia, the presence of three out of four criteria, a val\ ular 
murmur, splenomegaly, positive blood cultures, or embolic phenomena, are usually acce;ted 
as sufficient evidence. The only absolute proof, however, is the presence of the lesio. at 
autopsy. The diagnosis in Case 6 was confirmed at autopsy and Case 7 showed all our 
of the criteria usually accepted for the diagnosis. In early or mild cases, these criteria may not 
be fulfilled, and in such cases with recovery, cure cannot be claimed. These difficulties \ ere 
well illustrated by one further case. 


a 


A woman, aged 26, was admitted with repeated hemoptyses and slight pyrexia. Examin: ion 
showed a pale sweating woman with signs of mitral stenosis. Whilst under observation she 1ad 
repeated episodes of chest pain and hemoptysis, and began to run a high swinging temperature. At 
the same time, she developed an aortic diastolic murmur and a collapsing pulse. Repeated b »0d 
cultures were negative. She showed no response to salicylates. Some control of the temper: :ure 
was obtained with sulphthiazole, but after 45 g. had been given as her condition appeared t. be 
deteriorating, she was taken home by her relatives. Now, 15 months later, she has a normal tem; -ra- 
ture but still an occasional hemoptysis. The diagnosis of infective endocarditis therefore has cen 
revised and it is considered that acute rheumatic carditis explained the whole illness. 
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SUMMARY AND CONCLUSIONS 


ive cases were treated with combined chemotherapy and intravenous heparin. Ail died, 
anc in one this was probably due to the heparin therapy. 

wenty cases (including the five treated with heparin) were studied under treatment with 
sulp ionamide derivatives. Five were totally unresponsive, twelve were moderately controlled. 
Life was prolonged in some but all eventually died. Three cases became apyrexial; one died 
afte’ 45 days of normal temperature, but as there was no autopsy, neither the diagnosis nor 
the ‘ate of the lesion could be determined. A second died one year after the onset of his 
infe ‘ion and eight months after the control of his pyrexia by sulphapyridine: autopsy showed 
hea od lesions of infective endocarditis. The third is well and working at his occupation as 
ar ‘k-roundsman, at the present time, now twelve months after his discharge from hospital. 

\travenous heparin did not prove of value in our cases and, as others have found, should 
no! be used in these cases. 

rolonged chemotherapy offers a chance of cure to a few patients though the great majority 
wii' not be so benefited. The dangers of such prolonged therapy are small and should not 
we 2h against the chances of a successful outcome. 


We wish to thank the Physicians of the Birmingham United Hospital for permission to study these cases. 


The cost of heparin was defrayed by a grant from the Medical Research Council. 
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. The Secretary was re-appointed for another year, and William Evans was again asked to act ¢ 


6. 


PROCEEDINGS OF THE CARDIAC SOCIETY OF 
GREAT BRITAIN AND IRELAND 


The SEVENTH ANNUAL GENERAL MEETING of the Cardiac Society of Great Britain and Ire’.nd 


was held at St. Thomas’ Hospital, London, on Friday, June 11, 1943. 


CHAIRMAN: SiR MAuRICE CASSIDY 


The Chairman took the chair at 10.15 a.m. 


52 


Members, 12 Temporary Members, and 2 Visitors were present. 


PRIVATE BUSINESS. 


. The minutes of the last meeting having been printed in the Journal were confirmed and signed. 


. The accounts, audited by Donald Hall and Chamberlain, were presented by the Council and 


approved, the balance being £43 6s. 11d. The Council had decided that no subscriptions 
should be collected for the year 1943/4. 


. The following new Members were elected :— 


Ordinary Members Associate Members 
Hugh Barber W. Trevor Cooke 

A. G. Biggam , Alastair Hunter 
Athelstane Hill E. V. Sharpey-Schafer 
B. A. McSwiney W. K. Stewart 


Seven associate members were re-elected for another period of three years. 


. Leslie Cole, Cambridge, and John Parkinson, London, were elected members of the Council for 


the years 1943-47, 


poe) 


S 

Assistant Secretary. 

The Secretary reported as follows. 

(a) He had learnt with pleasure from a letter from America that Charles Laubry, whose obituary 
notice had been published in the Journal, was still alive and in good health. 

(b) The Committee appointed to report on the scheme for the treatment of juvenile rheumatism 
had submitted their report, which would be dealt with by Bruce Perry later in the dis- 
cussions; and the Council had instructed the Secretary to get in touch with the Pediatric 
Association, who had drawn up a similar report, to see if it was possible for the two bocies 
to issue a joint report. 

(c) The Council had asked Cassidy, Chamberlain, and Campbell to reply to a letter from the 
Director General of the E.M.S. about the rehabilitation of cardiac patients, and :he 
Council hoped after some explanations and additions to publish the substance of - his 
communication. 

(d) The Council had instructed the Secretary to write to the Registrar of the Royal Colleg: of 
Physicians, to express their opinion that, if any subdivisions of physicians were mac. in 
the list of consultants, cardiologists should be included; and that if societies of specia! sts 
were consulted on this and allied questions the Cardiac Society should be included am: ng 
such societies. 

[The Secretary has since received a letter from the Registrar of the Royal College of 
Physicians reporting that this letter had come before the Standing Joint Committe: 0 
the three Royal Colleges and that it had been decided to.add the Cardiac Society to .1¢ 
list of Societies who are willing to give advice when asked to the Standing Joint Commit. °e 
of the three Royal Colleges.] 


~ 
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(e) The Council had re-appointed the Editors of the British Heart Journal for a second period 
of five years; and had decided that no change should be made in the members of the 
Editorial Board for another year. 


ring the afternoon discussion, the Society, on the proposal of Geoffrey Bourne, instructed the 
Secretary to write to the Minister of Health, the Minister of Pensions, and the Minister of 
Labour and National Service, stating that the Cardiac Society was willing to help, if asked to 
do so, ina consultative capacity or by appointing members to serve on a committee, in relation 
to war or to post-war problems of a cardiac nature. 











SHORT COMMUNICATIONS. 
POTASSIUM AND THE ELECTROCARDIOGRAM 
E. P. SHARPEY-SCHAFER 
(Published in full; pp. 80 and 85) 
| OBSERVATIONS ON DIPHTHERITIC CARDITIS 
COOKSON reported that preliminary observations on 54 cases of diphtheria suggested that 
deain from circulatory failure was confined to the un-immunized child. Clinical, cardiographic, and 
pat! ological investigations were made on 7 children, aged 3 to 12 years, who died between the 3rd and 
56th day of the illness. Death resulted from circulatory failure except in one in whom it occurred 
on tne 56th day from the effects of neuritis. With early death (up to the 8th day) the course was 
progiessively downwards from the onset, with widespread hemorrhages. Clinical signs of congestive 
failure were absent, but triple rhythm was present and the cardiogram was abnormal. One patient 
showed terminal ventricular tachycardia. With death from the 9th day onwards the condition of the 
throat and neck cleared up, and then, after a varying interval of spurious convalescence, signs and 
symptoms of congestive and peripheral failure appeared. Liver congestion was invariably present. 
A progressive slowing of the heart rate was characteristic of this phase. Chief cardiac signs were a 
diffuse precordial impulse, disappearance or lateral extension of the apex beat, and triple ryhthm. 
Only once did a systolic murmur appear. The blood pressure fe!l progressively for some days before 
death. Cardiography showed axis deviation, depression of the S-T segment, and conduction dis- 
turbance. The S—T depression might be found within 48 hours of the onset; it had some diagnostic 
value for it had not been found in controls with other acute infections. In the 2 cases with the longest 
course the cardiogram showed low voltage and T changes, the type of curve found in the adult. 
Post-mortem, there was increased heart weight and thickening of the wall especially of the left 
; ventricle. There were intracardiac ante-mortem thrombi in 2 cases. Histologicaily the striking 
change was muscle degeneration to the stage of necrosis in some areas. Inflammatory and reparative 
processes were slight. Bilateral pleural effusions were present in 2 cases. The liver showed degenera- 
tion in the 2 cases with the shortest course, and venous congestion, usually intense, in the others. 
A normal heart muscle was found in the case that died on the 56th day, as a result of diaphragmatic 
and other palsies, after recovering from severe congestive failure. This last finding supports the 
general, but not universal, view that when recovery from diphtheria does occur, however severe the 
attack may have been, no permanent cardiac lesion remains. 
AN UNUSUAL CASE OF PAROXYSMAL TACHYCARDIA 
C. G. PARSONS 
(Published in full; p. 187) 
COMPLETE AND PARTIAL HEART BLOCK 
MAURICE CAMPBELL 
(To be published in full) 
INCOMPLETE BUNDLE BRANCH BLOCK 
C. W. C. BAIN 


(To be published in full) 
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ACUTE LEFT AURICULAR FAILURE 


CRIGHTON BRAMWELL and MorGAN Jones described two cases of mitral stenosis, with unexpe. ‘ed 
death from acute pulmonary cedema in mid-pregnancy. In both cases a severe button-hole m ra] 
stenosis was found at autopsy but only a presystolic murmur was present during life. The n_in- 
tenance of ventricular filling in mitral stenosis was discussed and it was shown that, as chronic jeft 
auricular failure develops, ventricular filling is maintained by a gradual increase of left auric ilar 
diastolic pressure, which leads to chronic pulmonary congestion. It was suggested that when sc ere 
mitral stenosis is combined with a greatly hypertrophied left auricle, as in the two cases descri sed, 
ventricular filling depends largely on auricular systole. In these circumstances, if the left auricle {. iled 
suddenly, a rapid rise of auricular diastolic pressure would occur and lead to acute pulmonary ced-ma, 


PSEUDO-ANGINA AND PARA-CESOPHAGEAL HERNIA 


S. W. PATTERSON described pseudo-anginal symptoms in association with para-cesophageal he ‘nia, 
In cases of strangulation of the herniated viscera an acute upper abdominal crisis may simulaic an 
attack of coronary thrombosis. Less severe symptoms of cramp-like pain in the lower chest behind 
the sternum, and radiating through to the back, up to the throat, and sometimes to the left shoulder, 
may simulate angina pectoris. These symptoms tend to follow conditions bringing about increased 
intra-abdominal pressure, especially posture, rather than effort and emotion. In some cases, thought 
to be neurosis, cardiac symptoms may arise from para-cesophageal hernia. 

The mechanism of these symptoms may be (a) vascular, strangulation, obstruction, ulceration, 
hemorrhage; (6) from pressure on lungs and heart; (c) from stimulation of the vagus terminations; 
or (d) from stimulation by stretching of the muscle-sensory fibres of the phrenic, which Mathison 
(Mathison, G. C. M., Rev. Neurol. Psych., 1912, 10, 553) showed experimentally in dogs, cats, and 
rabbits caused a rise of blood pressure and increased depth of respiration. 


THE ELECTROCARDIOGRAM IN MYOTONIA ATROPHICA 


WILLIAM EvANs said he had examined the electrocardiogram in 9 cases and had found some 
characteristic change in all of them. The commonest was a prolongation of the P—R interval (with 
phases of 2:1 heart block in one case) slurring of the QRS complex, and electrical variation. Among 
the commonest clinical signs were a small pulse, a low blood pressure, and slurring or splitting of 
first heart sound, or triple rhythm depending on the degree of delayed A-V conduction. On cardio- 
scopy the heart was small in 4 cases and enlarged in 3 where the P-R interval was much prolonged. 


TREVOR COOKE said that over the past six years he had made essentially similar observations in 9 
cases. Thus the blood pressure tended to be low, being 100 systolic or lower in 5 cases and in none 
was it higher than 120. There was a tendency to bradycardia, the usual pulse rate being between 
65 and 75 whilst two cases had pulse rates below 55. The heart (in 7.cases examined radiologic:lly) 
was small in all. An electrocardiogram was recorded in 8, and only 2 (aged 17 and 22 years) had 
entirely normal tracings. One man, aged 39, with marked wasting and moderate myotonia showed 
almost flat tracings. Subsequent treatment showed a slight increase in voltage comparable wit! his 
general clinical improvement. At that stage, intramuscular prostigmin and adrenalin and intra- 
venous quinine had no effect upon the cardiogram. Two further cases consistently showed curves 
suggesting recent coronary occlusions and the other three showed abnormal QRS comp!:xes 
low voltage, and low T waves. 


. 


xu 


DISCUSSION ON THE SIGNIFICANCE OF SYSTOLIC MuRMuRs (Morning Session) 


NosBLe CHAMBERLAIN deprecated the use of the word ** functional ** to indicate murmurs that vere 
associated with non-valvular organic changes in the cardio-vascular system. He felt that the ‘ “ms 
* significant °’ and “* insignificant *? might be helpful. Significant murmurs could include those -ys- 
tolic murmurs that arise from valvular heart disease or from regurgitation through an enlarged \ «Ive 
ring or from pathological dilatation of the vessel or chamber into which the blood is travel. ng. 
Insignificant murmurs would include those commonly described as physiological or cardio-pulmo: iry 
and those occurring as a temporary phenomenon in anemias and fevers. In deciding whether or not 
a systolic murmur was significant, he felt that the pendulum had swung too far and that there \ ‘s a 
tendency to regard all systolic murmurs as harmless. 

In the case of basal systolic murmurs, he thought that the diagnosis of aortic stenosis migh. be 
possible in the presence of a harsh systolic murmur especially associated with radiological evids 1ce 
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of left ventricular enlargement but without a thrill or the characteristic anacrotic pulse. Further, 
murmurs Which become increasingly rough are more likely to be associated with organic changes. 

In the case of the mitral systolic murmur, undoubtedly the most difficult, he suggested that rough- 
ness, Wide conduction, and persistence and length were characteristics more often associated with 
orga: ic defects than had lately been admitted. These murmurs are usually present both in the erect 
and -cumbent postures though more in the latter, and they are not materially modified by respiration. 
Whit murmurs having these characteristics did not necessarily indicate the presence of organic 
disea-e, they could not be regarded lightly, especially in children and in the presence of a rheumatic 
histo v. It was therefore very important to consider them in relationship to the radiological and 
elect: cardiographic changes. It was common in children to find such significant murmurs becoming 
assoc ated in a few years’ time with other and clearer evidence of organic heart disease. On the 
othe. hand, it was freely admitted that in adults these significant characters might never be associated 
with other signs, though they were more likely to be found with diastolic murmurs or with cardiac 
enlar :ement than murmurs presenting insignificant qualities, namely, quietness and inconstancy or 
mod. ‘cation by posture and respiration. 

C .amberlain referred to the common occurrence of a mid-sternal systolic murmur especially 
at si. h routine examination as is employed for recruits. He thought that if such a murmur was 
hars! , care should be taken to exclude the presence of a thrill, a radiologically globular heart, or right 
vent: cular preponderance in the cardiogram, and that if any of these signs were present, the diagnosis 
of pu tent interventricular septum was justifiable. If the murmur occurred alone, even though rough, 
he fe t it could be disregarded. 


\WiLLIAM Evans spoke of two varieties of mitral systolic murmurs, the one in late systole, and the 
murniur of mitral incompetence. The former was not uncommon; it was loud and long, and was 
usually best heard with the subject in the upright posture. It was not difficult to recognize because 
it was separated from the first heart sound by a distinct interval; indeed, the murmur was nearer to 
the second heart sound than to the first. The murmur assumed importance on account of the 
frequency with which it was regarded as evidence of mitral disease. When 40 such cases were examined 
clinically and by cardioscopy the heart was shown to be healthy, so that the innocent nature of the 
murmur had been established. 

Unlike aortic incompetence, mitral incompetence presented no constant pattern on clinical, 
radiological, or pathological examinations; indeed, a systolic murmur appeared to be the only sign 
allotted to it, but this murmur was also frequently present in mitral stenosis, aortic incompetence, 
aortic stenosis, and hypertension. Two criteria might be set up to test the presence of mitral incom- 
petence in these conditions, namely, disease and/or dilatation of the mitral valve, and enlargement 
of the left auricle. These were sought radiologically and at necropsy in cases where a mitral systolic 
murmur was associated with one of these four conditions. They were absent except in mitral stenosis. 
Even in mitral stenosis Evans thought that the lesser effect of mitral incompetence, admittedly present, 
did not merit specific mention in diagnosis, for the term mitral stenosis was a comprehensive one 
standing for mitral disease caused by rheumatism, showing systolic and diastolic murmurs and 
characteristic changes in the contour of the heart as seen radiologically, commonly giving rise to 
auricular fibrillation which at the start responded favourably to digitalis, and often complicated by 
intra-cardiac thrombosis and embolism. Further, since the presumptive diagnosis of mitral incom- 
petence hindered precise diagnosis of heart disease, Evans asked for the disuse of the term. 


THe PLACE OF CARDIOLOGY IN A CO-ORDINATED MEDICAL SERVICE (Afternoon Session) 


F. R. FRASER spoke of the hospital services. 

If it is assumed that the post-war hospital scheme will be based on the division of the country into 
areas, each capable of providing all the normal hospital and consultant services, there will be a 
“ key * hospital in each area and the specialists and special units for the area will normally be situated 
at the ** key ** hospital. A number of such areas will come within the sphere of influence of a medical 
school and its teaching hospital; and within each area there will be subsidiary hospitals and perhaps 
health centres that look to the “‘ key ’’ hospital for support and inspiration. There should be in each 
area a physician specially trained and experienced in the diagnosis and treatment of cardiac and 
circulatory disorders. He should be on the staff of the * key ’’ hospital, and be available for con- 
sultations at the subsidiary hospitals of the area. In association with the “ key ’’ hospital, there 
should also be a special hospital or unit in suitable surroundings for the treatment and rehabilitation 
of selected children and young adults with cardiac damage resulting from rheumatism. 
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BRUCE PERRY spoke of the care of the rheumatic child, some of his points being the same as ‘hose 
made in the preliminary reports on these subjects of the committees set up by the Cardiac Society 
and by the Pediatric Association. 

Acute rheumatism produces such serious effects in children that it is important all cases s' ould 
be brought under skilled treatment as soon as possible. Compulsory notification seems the only 
method of ensuring this, and should include all cases of acute rheumatism, chorea, rheumatic jeart 
disease, and heart murmurs of doubtful significance in children. The latter need to be inc ‘uded 
(though possibly they should be referable to the clinic rather than notifiable) to differentia.c the 
murmurs due to rheumatic heart disease from those of less significance. 

The need for hospital treatment for a long period calls for special hospitals equipped with school 
teachers and school apparatus. Such hospitals should be of the open-air type in the countr., and 
could sometimes be combined with those for the treatment of children with tuberculosis. It is 
probably desirable that the children should, in the first place, be admitted to the main chi!dren’s 
hospital or the children’s department of the main general hospital, and should be transferred fron: there 
to the special hospital to complete their treatment. The suggested cardio-rheumatic clinic should be 
held in the main hospital of the region, and in addition to full medical facilities including those for 
radiography and electrocardiography would need an almoner’s department and adequate secretarial 
assistance to see that the necessary help was given and that home conditions were as satisfactory as 
possible, and that arrangements could be made for getting children up at regular intervals as needed. 
It would seem disadvantageous to make a break between this clinic and the clinic continuing to help 
these patients when they have reached adult life and needed advice as regards occupation, pregnancy, 
etc., and therefore a closely related clinic for adults, perhaps in the evening, would be desirable. 


MAuRICcE CAMPBELL spoke of the place of cardiology in relationship to general medicine, and of the 
cardiologist to the general physician. 

The advantages of the physician specially trained in heart disease are so obvious, both from the 
technical knowledge of X-rays and electrocardiograms and from the clinical knowledge of heart 
problems, that anything to be said on the other side is sometimes forgotten. Even from the point of 
view of the patient himself, the suspected diagnosis of heart disease may be wrong, and the problem 
may be a general medical one, as there are so many general diseases overlapping with cardiac pro- 
blems; it is, therefore, essential that the cardiologist should be a good general physician. Apart 
from the necessity for an interest in psychology, one need only mention anemia, hyperthyroidism, 
diabetes, reneal disease, and certain diseases of the chest presenting themselves as dyspnoea or pain, 
to realize the need for wide general medical knowledge. Secondly, both from the point of view of 
teaching and general organization of a medical service, a man who is also a general physician is 
more useful. The ordinary-sized hospital is not large enough to justify the appointment of a cardiolo- 
gist, and only when a medical centre is large enough to need ten or twelve physicians can one devote 
himself almost whole-time to cardiology. 

It would probably be agreed that neurology and dermatology should be the first medical specialities 
to be separated off, but many would think that cardiology and diseases of the chest would be the next 
most important to separate. Sometimes in the smaller centres these two can be combined. The 
separation of pediatrics as a medical speciality, except in so far as it applies to the care of children 
up to 12 or 18 months, would appear to be a mistake, as medicine makes no dividing line for age, 
and the disease—whether of the nervous system or of the heart or of the lungs—often starts in chilchood 
and continues into adult life. 

As regards the training of the cardiologist, no one should take up this work until he had done two 
to five years’ general medical work of registrar status after ordinary house appointments and (if it is so 
decided in the future) passing the examinations and holding the appointments necessary for cons: iltant 
status, and after this, two to five years’ training in the special problems of cardiology. 

He concluded (1) that all larger centres should have a cardiac department with a physician in charge 
and a second physician or registrar and the necessary technical help, and (2) that no one should be 
recognized as a cardiologist who has not already become a recognized general consulting physician. 


* * * * * 


* * * ok ES * 


Luncheon was served at St. Thomas’ Hospital, by the kindness of the Governors of the Ho. pital. 
As it was not possible to arrange a formal dinner, the members met at 1 Devonshire Place, W i, by 


the invitation of the Chairman and John Parkinson. 
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